

Telegraphy 


Bv 1906. 70 vears had already elapsed since the opening of the first operational telegraph circuit, and a major preoccupation *»•££ 
transfer of the main overhead telegraph circuits to underground cables. Methods of operating the long-distance circuits included .j 
Wheatstone, Murray. Baudot, Hughes and quadruplex Morse systems, and Wheatstone speeds of 400 words/min were commonplace. tJI 
development of the telegraph service is traced from that time to the present day. when the page-printing teleprinter has supplanted otW 
instruments in the inland network and connexions are established via automatic telegraph exchanges. The growth of the telex Service are 

the development of facsimile telegraphy are also described. “ 


than any other type-printing instrument, their 'suanSr*"'' 
declining only as the result of demand for greater tpcSjBl 
fact, three such circuits were still in operation 
Central Telegraph Office (C.T.O.) up to 1939. 

A time-division system had been proposed by' 
stone in 1841, and successful experiments with sta&d 
system were carried out by Farmer ten years later. Mem/ 
in 1871, devised a four-channel system, using keyfeb^P 
having eight keys and printing Morse characters on 
tape. Baudot combined a printing instrument 'witli' j 
multiplex principle and, most important of all, used 
with five units of equal length, and in 1877 the 
Administration decided to adopt Baudot’s systattliP! 
keyboard perforator (which punched square holes* M*, 
paper tape) and a synchronous automatic tape transom® 
were designed by Carpentier in 1887, but these instrunfip 
were not used in the telegraph services until much la toil 
Meanwhile, after taking over the private teSejmlP 
systems in the United Kingdom in 1870, the 
began to adopt duplex working extensively many yttW 
before it was used by other Administrations, although.jp> r. 
insulation resistance of lines and difficulty in ohtawfe^r 1 
accurately differential instruments presented a number $ 
problems. Quadruplex circuits also came into use at life 
time (1872), and the first mobile telegraph office, compete, 
with batteries and half a mile of three-wire iron-shcatfal 
cable, was brought into service in 1873. In 188$|j|£* 
American Delaney multiplex system appeared: dfflpC’ 
many admirable devices such as the vibrating 
phonic-wheel control, its use was abandoned in this coiawby 
in 1903 after three years’ trial, on account of the mbews* 
mutilation of the signals. It used the Morse alphabet. • 
fundamentally unsuited to multiplex systems, andjj|> 
worked by key and sounder at 25 w.p.m. - ' 

The Post Office were slow in adopting the 'HtfAjS; 


Early Telegraph History 

I N 1908, Sir John Gavey, the first President of the 
Institution of Post Office Electrical Engineers, wrote 
in his “Words of Welcome,” to the first issue of the 
Journal: 

"... even as recently as 40 years ago, telegraphy 
was the onlv existing branch of electrical engineer- 
ing, and when the present Institution of Electrical 
Engineers was founded in 1871, with the title of 
The Society of Telegraph Engineers, it fully 
represented the whole of our interests.” 

The idea of the "sympathetic needle” for communicating 
intelligence over great distances is very old indeed. It is 
fascinating to read 1 - 2 of the practical attempts that were 
made to establish alphabetic electric telegraphy (often using 
one wire per symbol), even before the work of Volta made 
possible a continuous source of electric power and so 
prepared the way'for Oersted and Ampere to demonstrate 
the magnetic effect of the current. 

Early in the 19th century, Cooke in this country produced 
improved instruments, using various numbers of line 
wires and magnetic needles from one to five, and in 1837 
he collaborated with Wheatstone to provide the first 
operational telegraph circuit in the United Kingdom, for the 
railway between Euston and Camden Town. In the same, 
year the electromagnetic relay was invented by Davy. 
Attempts to lay lines underground were unsuccessful 
because of poor insulation resistance, and for a long time 
development in this direction ceased in favour of overhead 
lines. In the public eye, interest was quickly awakened 
to the potentialities of the telegraph by the dramatic arrest 
of a. murderer in 1845 as a result of a message sent over a 
circuit between Slough and Paddington. Single-needle 
and double-needle instruments in association with some 
form of code soon became established in this country, the 
double-needle being favoured by the rail- 
ways, but with the gradual improvements 
in line insulation, constancy of battery 
performance, and instrument production, 
the sounder slowly superseded the single- 
needle instrument on Post Office circuits. 

The double-plate sounder, which enjoyed a 
long period of popularity until about 1880, 
consisted of a polarized relay and a pair of 
sounders, fitted with sounding plates of 
brass and steel, respectively, to denote dot 
and dash signals by different notes. 

Wheatstone’s more expensive ABC instru- 
ment, which appeared in 1840, remained in 
use until long after 1900. 

Apart from attempts at duplexing, two 
outstanding inventions between 1850 and 
1875 were the printing system introduced 
by David Hughes, of Kentucky, in 1855, 
and Wheatstone’s automatic system, which 
was patented in 1858, and when first 
brought into use in 1867 operated at 70 
words/minute (w.p.m.) The Hughes system 
(Fig. 1) was an improvement on House’s 
system of some seven years earlier; it used 
a piano-type keyboard and printed at 60 
w.p.m. Hughes printers were in use longer 
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Fig. 1. — The Hughes Instrument. 





J. u J Li iai O Lagu. 

^ Murra Y high-speed automatic type-printing 
i ; x‘ iem " as introduced, only to be abandoned after more 
'* |£"- ten -, ear3 trials on London-Edinburgh, London- 
's „ a , n a . nu London-Berlin circuits. The equipment com- 
|| a keyboard perforator (40 w.p.m.). 


w.p.m.), 

M 4a ' oniatI c transmitter (120 w.p.m.), re- 
^\ :,, . rator and column printer (100 w.p.m.), 
m ! nco [P or ated such novel features as 
, ptoinic- wheel drive and speed correction 
P C .? the intelligence signals themselves; 
£., r ::l tt *. a P e a11 perforations appeared longi- 
i i X on one side only of the centre 

y * tel- , r t ay Iat( r r focused the attention 
m y'legrapo engineers m«n 


cgraph Scene Between 
1906 and 1908 
90S, 70 years had elapsed 
ning of the first operational 
-uit, and the International 
Jnion — the oldest inter- 


Fig. 3. — The Metropolitan Gallery, C.T.O. (1911) 
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with lamp calling and clearing was installed in the C.T.O. 
Coincident with the new installations in the C.T.O. , a task 
of considerable magnitude was completed — the conversion 
of all the London offices to central-battery (C.B.) working— 
and great economies were achieved from the abolition of 
well over 1,000 scattered groups of primary batteries. 

Many miles of pneumatic tube had already been laid 
between branch and head offices; on the longest tube 
circuit, connecting the House of Commons to the C.T.O. 
(3,992 yd), the transit time was just under eight minutes. 

Long-distance overhead circuits within the British Isles 
could be operated commercially by Wheatstone apparatus 
at speeds up to 300 w.p.m. duplex and 400 w.p.m. or more 
simplex; some quadruplex circuits were also in use. 
The Wheatstone system had changed very little since its 
introduction many years earlier. Trials were being made 
with electric-motor-driven transmitters, the main problem 
being the achievement of constant speed. Perforated tape 
was prepared by the three-punch “stick” perforator, but 
operation of this device for long periods was very tiring. 
To increase the speed of punching tape, trials were being 
made with early designs of alphabetic keyboard perforator, 
but they were not entirely successful. At the receiving 
end the process of transcribing messages from the Morse 
signals recorded by an inker upon a paper tape, often under 
artificial light, caused considerable eye-strain. As a result 
this system tended to fall into disuse. 

Circuits to the European capitals were operated by 
printing telegraph systems, using the Hughes apparatus 
except for a single Baudot system to Paris. The Post Office 
operated five repeater stations, at Nevin, Llanfair and 
Haverfordwest on the Irish cables; at Lowestoft and N. 
Walsham on the Continental cables. Nevin, for example, 
had nine Wheatstone duplex and two quadruplex repeaters, 
the latter carrying Wheatstone and key signals. The Post 
Office standard B relay was firmly established. At repeater 
stations, sounders repeating all signals were the cause of 
great inconvenience, and silencers were being provided 
which could be rendered inoperative from the distant 
station when it was necessary to call the repeater staff. 
Repeater stations were being converted to secondary cell 
working, to replace the many groups of line and local 
batteries whose maintenance occupied the full time of one 
man. 

At this time an investigation was being carried out into 
the speeds and relative economics of various methods of 
operating long-distance circuits, including Wheatstone, 
Murray, Baudot, Hughes and quadruplex Morse., Although 
the quadruplex system worked for many years on London- 
Dublin and other long circuits, with Wheatstone on the 
“A” (polarized) side and key at 25 w.p.m. on the “B” 
(incrementing) side, there was a tendency to split the keyed 
signals, and the repeater with its 12 relays and 15 separate 
batteries (368 bichromate cells) was troublesome to adjust; 
hence it cannot have been a very stable system. 

In the large offices secondary batteries were installed to 
provide dMOV, -j-g0V and fi;120V. The 80V and 120V 
sections were used only on the longer circuits and the loads 
at these voltages were lower than at 40V. A novel form of 
no-break rotary switch was therefore used to enable four 
sets of 40V cells to be cyclically switched, every two or 
three days as required, to occupy progressively different 
positions in the battery; each set in turn becoming available 
for charging, after which it carried the heaviest load (40V). 

A Period of Transition (1908-1928) 

From 190S onwards the effect of the growth of the tele- 
phone service on the shorter-distance telegraph services 
became more pronounced. In the provinces, as well as in 
London, short-distance telegraph traffic decreased rapidly, 
and phonogram and telephone-telegram working were 


introduced. As fast as exchanges were installed in 
areas, Wheatstone ABC, Morse sounder and sinefej v*** 
instruments, which had hitherto served small Offie* S 
replaced by telephones used jointly for a public H 
office and as a means of disposing of telegrams a .*!?' v 
1915 one-half of the 14,000 telegraph offices were’orvV < 1 
by telephone. This process continued steadily untd|«» i 
when the last inland Morse circuit in the C.T.O. was.-t ' '.£ 
quietly and without ceremony, and Morse vror lmg . i 
only retained in the inland system for a few circuits/ 

This period saw the rationalization of power sbpqKm 
telegraph offices. In the first place, conversmnp'*? 4 
central-battery working obviated the need for -jbofe f 
numbers of scattered groups of primary cells, anj^ 
standardization of an improved Leclanche ceU in 
led to the gradual abandonment of Daniell and bichnjtna/ ' 
cells. Secondly, as the spread of electric power mains bronzy " 
charging facilities, conversions to secondary cells 
steadily made, with considerable reduction in 
maintenance costs. Secondary cells in the C.T.O. rept y -j ' 
5,000 "Z” cells used on underground loop circuitsSS§j|'*’ : 
1919; at the same time a ring-main was run to Fleet Step- 
so replacing 3,000 primary cells in newspaper 
power supplies fed from the C.T.O. As secondary*^ * f 
batteries became universal the trend towards C.B. vwyfrjf,-. I 
was halted to obtain the improved transmission perfcejfr /.I 
ance of double-current working. 

During this period an extensive program of ihstare$’' L 
concentrator switchboards (including also some for pbeifo-;® 
grams) was completed at offices in all large towns. /J#. \ 
dispense with the need for switchboard operators/uai 
phase of evolution culminated in the installation of-seift- 
automatic concentrators for trial at C.T.O. and Leket-’-. 
(1923), and ancillary concentrators (for lines from- "fat- j 
warding only” offices) which enabled the switching, tajte . ■ 
done by the receiving telegraphist. At this stage (Its? ... , 
the London Intercommunication Switchboard, which' 
been a conspicuous feature of the London telegraph system /; 
for over 20 years, was finally closed down. - - 
The important changes of this period, however, ..wa*’ ■■ 
in the methods of long-distance operation, though : / 

were in fact destined to revolutionize all forms of telegraph ' 
working. Development proceeded along three lines,, 
matic high-speed transmission, multiplex systems, /ii 
direct keyboard transmission. For a long time competiboa ;■ S 
was between the first two, typified by the Wheatston^iifis * 
Baudot system; the former, after initial success, yielded : -.J- 
the latter, but both finally gave way to the third. • A/JaL ' / 
Against the high transmission speed of the Wheat*ftfe - -| 
automatic system must be set the disadvantages ** ;; 
operating methods which, being slow, needed a team ft • 
sending and receiving telegraphists to feed the line ■■■* 
handle the output. Indeed, these very disadvantayg#|^Pv<,3j 
over a long period of years, brought about a tendency*? 
revert to key and sounder except for special arrangement* . ^ 
breakdowns and press work. To speed up the rate of M 
perforation, trials had been carried out for many 
with keyboard perforators whose punches derived Trfj* \ 
power from a pneumatic source, from electr orn aggS* ^ 
or from an electric motor: the successful keyboard KJ . 
forator solved the Wheatstone sending problem. At , ■ 
receiver, the dot and dash slip from the inker T 

scribed — whether for delivery or for re-transmissioBggl 
one or more operators, and delays were frequent. A rvv®j™ | 
operating procedure, known as "Systematic Wh e at®^ 
Working” 3 was introduced in 1908, in which all •• 

was gummed on message forms, that for delivery' 
transcribed direct, using typewriters, and through me®??, ■. 
being re-transmitted without transcription, so re ag|g | 
the error-rate as well as the delay. Such was the , 

ment that at Edinburgh, for example, it enabled four ?■ 




setting-up Baudot circuits, and later 
supplied duplex repeaters to the French 
Administration for use on the London- 
Paris triple-duplex circuits. A lot of work 
was done to determine the relative 
efficiency of double, triple, quadruple, 
quintuple or sextuple Baudot, simplex 
or duplex, on any particular circuit 
whose Wheatstone speed was known. At 
30 w.p.m. /channel, the sextuple duplex 
was capable of maintaining 180 w.p.m. in 
two directions and provided formidable 
competition with the Wheatstone system 
at its best. As the result of consistently 
good performance the Baudot duplex 
system became firmly established tech- 
nically in this country, so much so that 
in January 1914 the Postmaster-General 
appointed a Committee to inquire into 
high-speed telegraph systems. Telegraph 
engineers were rapidly coming to the 


■ta t.ondon-Edinburgh circuits to be closed down, as well 
Use direct London-Inverness and London-Leith circuits 
Is London this procedure could not be carried out owing to 
t*«* size and dispersion of the instrument room, but trials 
Sant in hand with a Creed reperforator and a Creed printer 
4); the reperforator automatically reproduced a 
prorated tape, at 150 w.p.m., which could be used direct 
re-transmitting telegrams, or fed into the printer for 
. jrwiucing a tape printed in Roman characters at 100 w.p.m. 
rn*..v tor gumming up. The subsequent improvement and 
tttepr.on of keyboard perforators, reperforators and printers 
t get ner with the provision of automatic transmitters all 
«*ctncallv driven, put the Wheatstone automatic system 

* 4 ,:rm basis ln a form which is still in use for some radio 
bruits. 

in Britain multiplex systems were not looked upon with 
t0 the “satisfactory results of the 
If” tlle Penney system and to some reluctance to 
«vfL UP ° n iar § e ' scale adoption of any one system while 

* * T Promising systems were under trial. 
a , London-Paris Baudot system, 

■o channels simplex, had been I 


£Wtraimg 

£ ! irm , lts output was no better than 

; .TK-quadruplex and inferior to Wheat- 
, n ^9’ ^ ua druple-duplex equip- 

WAfi;-T S ■ k va r laWe for trials on a loop 
•»,.» < Eondon-Birmingham cable, 
■’tc i "f JU 1 . e ~d u plex Eria-ls were also made 
^ * London-Beriin circuit. The French 

% ionics th^R thdr ° nly attem Pf 
, Baudot, on a Paris-Nantes 

-< co!in^ n + e ^ c , lrcu ft m 1887, on account 
troubles coupled with the lack 
4$ th'i r m 1 us , cation for duplex working 
'M t,V~ p„ rtl , cu ar route. The protagonist 
i : * ivi', a d0t u du P lex system, 4 against 
& C Boorh d n^ ed n its practicability, was 
^irtm the Post Office Engineering 
’***•$ ti/P/ and 14 was largely due to his 
,*fcptesi Jp. tae duplex Baudot was 
:ht a!=o t/ v nly ^ or inland service, 

* 'trn nJ J . ls P blc e the slower Hughes 
3*5*. t_ , man y Anglo-Continental cir- 

?v?SediJ eed ’ the British Post 0ffice 

iW the fo r pP aratusand engineers to some 
gn capitals to collaborate in 


Fig. 5. — Baudot Distributor and Receiver. 


commercial traffic, and advised the gradual supersession 
of systematic Wheatstone by multiplex working. Other 
recommendations were that automatic transmitters be 
added to the Baudot equipment; that the 5-unit code was 
superior to Morse (excluding news traffic and submarine 
cable working;; and that the application of printing tele- 
graphy to less important circuits should be kept in mind. 
The committee also thought that page receivers were 
preferable to tape receivers. 

After the committee’s report, and particularly after the 
war, when apparatus was more easily obtainable, the use 
of duplex Baudot systems (mostly quadruple) extended 
rapidly both for the inland service, at the expense of Creed- 
Wheatstone and Hughes systems, and on Anglo-Continental 
circuits, where it superseded the Hughes system and 
doubled the output. The Baudot receiver was fitted with a 
mains-driven motor, the improvements already mentioned 
were incorporated in the later Baudot apparatus, and the 
speed was increased to 35 w.p.m. /channel. By 1922 the 
number of Baudot channels had reached 700. The 
re-transmitter, a simple device which allowed channels to 
be coupled together and regenerated the signals, gave a 
certain amount of flexibility in utilization, though not 
without some complexity in connexion with speed control. 
This program of expansion was only halted by the decline 
in telegraph traffic which set in during the second half of 
the 'twenties. In all this program, and particularly on 
cable circuits, a most important part was played by the 
vibrating relay, invented by Gulstad in 1898, by means of 
which the performance and speed of operation of the 
circuits were appreciably improved. 

In the early 1920s came the first of the radical changes 
to be made in telegraph technique and operation. In 1912 
the first start-stop instrument had appeared in America, 
having been developed over a period of 12 years and more 
by Krum, a cold-storage engineer, financed by a Chicago 
millionaire named Morton. Far ahead of its time, this 
instrument used a typewriter keyboard in conjunction 
with a 5-unit code, and printed on a page. Some years 
later Morkrum instruments printing from a typewheel at 
40 w.p.m., and known to the Post Office as the Teleprinter 
No. 1A, were giving satisfactory service in trials on two 
circuits in London. This was followed by other trials on 
longer circuits, and a Morkrum type-bar instrument 
working at 60 w.p.m. (Teleprinter No. 2A) was tried in 
1925, one such instrument being used for booking calls 
over the new London-New York radio-telephone circuit. 
Other teleprinters 6 were also tried and by 1928 it was 
possible to standardize on the Creed No. 3A model with 
tape-printing at 65 w.p.m. for the inland service. 

The general adoption in the early 1920s of loaded and 
repeatered underground cables for long-distance telephony 
raised fundamental problems in the transmission of tele- 
graph signals through telephone cables. Investigations of 
d.c. transmission covered composited and superposed 
working; balanced circuits; and the design of new relays, 
such as the standard H relay, of increased sensitivity to 
work over long distances at reduced voltage and current. 
The solution to this problem of operating telegraph circuits 
in telephone cables clearly lay in voice-frequency telegraphy 7 
and, following the development of filters, the first trials 
in this country were made in 1925 with Siemens-Halske 
6-circuit v.f. telegraph equipment working over 40-lb loaded 
London-Derby and London-Manchester loops; then, in the 
following year, trials were made with a General Electric 
Company’s 6-circuit v.f. equipment working over a London- 
Leeds, and later a London-Glasgow, circuit. In both equip- 
ments valves were used as oscillators (the G.E.C. equipment 
with tuning-fork control), amplifiers and detectors. The 
circuits used in the trial were equipped with Tele- 
printers No. 3A, of which several hundred were then in 


operation, somehaving already superseded Baudot 
For some time the need for standardization of a! 
and keyboards had been urgent. The' Baudot $»» 

i-f col-f B n rl irornnte fnr i n 1 o n rl onrl infor-nn4"« l 


itself had variants for inland and international 


while the Murray system differed from both. The gSSf 
alphabet was designed primarily for ease in menior -i ' 
and manipulation on five keys, with the result tl v *’* -f ■* r,! 
keyboard working the numerals became scattered ov«-*t£, * ■**"* 
keyboard. The Murray alphabet was designed to (!S.f ? rK ‘ 
account of frequency of occurrence of letters in the i 

language, and so maintain the strength of perforatedta?*- 
by punching the least number of holes in it; also, 
appeared in numerical order on a single row of keys.””* 

The International Telegraph Union had never "*^4 4' **** 
its activities far into the technical field, but in 192®. A? i^Y. 

organization was established to deal with technical nuttfd 

the International Consultative Telegraph Comnutttw •; * W 1 

(C.C.I.T.). At its inaugural meeting in Berlin, in 1926, %.'A 
C.C.I.T. decided to study the standardization of a -T 
international 5-unit code based on the Baudot al phaW Y * 
A sub-committee was given the task of studying the 
lems of co-existence of telephone and telegraph chtniji ^' . t 
the same cable. Until 1926 the only means of assessing ft* ,'4 T ( 
transmission efficiency of a circuit was in terms ot’J&fv,* Im- 
possible Wheatstone speed, or less precisely in its messjgj^C I Ls" 
carrying capacity. At its first meeting the C.C.I.T. f 

and recommended the baud as the unit of modulation KtSe/ 
to honour the memory of Emile Baudot. At its sccbnd : 'id 
reunion (1929), held also in Berlin, the C.C.I.T. 
mended the adoption of two codes: the Internatibwl / '* t 



Alphabet No. 1 for multiplex systems; and the International «" • 
Alphabet No. 2 for start-stop systems. Both were basiaiBv Ijt ^ 
Baudot codes but the latter had the secondary synJstifc 'm ^ 
re-arranged to suit keyboard layout, made provision fc#’- 
page teleprinters and included a change in the enttWSJ . | j n 
signal to cover the use of perforated tape. This form of tV A 
Alphabet No. 2 was not, in fact, adopted; it was changedbv 7i i| _ 
a C.C.I.T. sub-committee, which met in Berlin in July, 18SI, ■•-'if :ftwa 
and was replaced by what was practically the Marti} . A 
alphabet, differing extensively from the Baudot alphabet m. w j,j c 
T he other more important recommendations of the ; Rrr _ 
reunion were a 50-baud standard for start-stop apparaO* A <orii ; 
(the Creed No. 3A teleprinter worked at 49 bauds£ Wr 
choice of negative polarity for the start signal, and podttiM? jgp- 
for the stop signal (this recommendation was not, hovev*? 4 t*.p 
adopted in this country, where the opposite condition C I -jnit- 
already prevailed) ; and the use of 7-unit start-stop sail 

The maximum permissible power (5 mW) for v.f. *qu: 

circuit systems was also established and a sub-comnutt*/ | uia] 
was appointed to study the question of frequency divtSMR. . /. 
for v.f. multi-channel systems. - the . 

The Teleprinter and V.F. Era a ' • •. 

With the introduction of the teleprinter and the devel^^ *n j- 
ment of a network of v.f. telegraph circuits, telegnsj v ■■ <txtr 
changed its character completely. 8 • f ■ 


The v.f. network introduced complete flexibility 25 
great economy in the provision and utilization of 
circuits, all with identical characteristics; it also ren ^ii 
the distinction between telegraph and telephone . 
far as cables and transmission equipment were / 

The teleprinter provided direct working to line -j' 


adequate speed, and with the introduction of the page - 
(No. 7) in 1932 a telegraph instrument was available ^ 
from its essential similarity to a typewriter, could bep^ 
ordinary commercial offices. _ ■‘in?aP^ 

As a result of these changes the techniques of tesuu& , jo . 
maintenance, for the first time, acquired P r ^l, j**-: 
measurement. At its Third Reunion (Berne, 1 
C.C.I.T. began to make recommendations for the 
ment of distortion and margin, in addition to stand 
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Ir'F ie carrier frequencies for multi-circuit operation. In the 
i [lie year a 12-circuit system to the new 120 c/s spacing 
1 ^ in operation between London and Dundee. 9 Apart 
!■ § l )[n superseding the polarized sending relay by a static 
,r Adulator which appreciably reduced distortion, the 
I _j£ii of this equipment was not changed until 1951 when 
I . ; ew ili' lector of improved performance was introduced 
; J ; the > .p'sical design changed. It has not yet proved 
( "f -Mcticah 1 to displace the polarized telegraph receive relay. 
?r| ;U 195- development in superposing had reached the 
jj jjje where it was possible to offer by-product point-to- 
Ki teleprinter circuits — phantoms and double-phantoms 

| , ’J ' .in main cable routes at rates that were attractive to the 

firii ;lt er and remunerative to the Post Office. An extensive 
H -rate-wire teleprinter service was built up on this basis, 
until circumstances forced abandonment of this method of 
|J priding teleprinter circuits, by which time the v.f. net- 
0' ’ , r k had grown sufficiently to cater for the growing 
if Rate-wire service. 

|,| For a long time telegraph engineers had advocated the 
jf‘ '-'.reduction of a telegraph exchange service, but, in the 
| * vsence of a universal telegraph instrument and sufficient 
mively inexpensive similar circuits, those systems that 
! been tried, such as the sounder intercommunica- 
§3 tion switch, the Wheatstone ABC exchange, and the 
|f telewriter exchange, catered only for local services. In 

1 ,12 the Post Office was a pioneer in introducing a telex 
vice which, with only a limited v.f. network and demand 
*.» service, was based on the use of telephone exchanges and 
& telephone network; transmission was on a 300-c/s (later 
’ '00 cis) carrier, and page teleprinters were used. A 
rintergrr.m" service was introduced for the direct handling 
telegrams between business houses using the service and 
telegraph offices. In 1936 a limited service with the Con- 
hsent was opened, using 1,500 c/s transmission. 

'n the public telegraph service the introduction of the 
e teleprinter (No. 3), in association with v.f. circuits for 
•lie greater distances, quickly became universal. Instrument 
,s»ms acquired a new appearance with the introduction of 
■bie-tabies and conveyor belts; the auxiliary apparatus 
ich had hitherto encumbered operating positions was 
Eitioved and mounted on apparatus racks. In the new 
conditions ;,t became possible to envisage an automatically 
itched mtegraph system, thus directly attacking the 
‘■old problem of reducing the number of times that 
^.grants were re-transmitted. A Re-transmissions Com- 
Gi'.tec set up to study the problem reported in favour of a 
**t.cnal teleprinter automatic switching system. Switching 
apment was designed and successful large-scale field 
-is were held, but plans for the introduction of a pilot 
of the network were suspended on the outbreak of 
fwsecond World War. 

result of the war was the decentralization of telegraph 
; at : n ? ir pm zone to area centres, a step which involved 
^“•ncrease in re-transmissions and in staff. To reduce this 
^ was decided. to introduce a switching system 
* ■iianual switchboards at six zone centres, the first two 
orought into service early in 1944. 10 The completed 
BaTi? . re< l u ired the use of more than 1,500 circuits at 
switchboard positions, some 75 per cent of the 
■• .-ublie traffic being handled in this way. Manually 
Lj/'^^kprinter networks were also set up for the 
- or various Ministries, and for other important 
, ^ le resu lt that the v.f. network expanded 
W" «Udi 0 a -'-: ' . . . 

*•;; "pnnter circuits were also brought into use, 

lwo *tone and frequency-diversity transmission. 12 
1 'f War ^ le resumption of telex working with the 
° ecame urgent; it was at once decided that this 
B y 10u kl be on the basis of a network of exclusively 
i ' Clr cuits using standard v.f. multi-circuit working. 


Temporary switchboards, which were quickly built, 
enabled service with Holland to be re-opened early in 1947; 
this was followed by considerable expansion until at the 
present time the international telex switchboard in the 
C.T.O. (Fig. 61 has more than 70 positions giving access to 
practically every European country, as well as to the 
whole of the United States and to parts of Africa. It is 
notable that since 1948 connexions with European sub- 


Fig. 6. — -The International Telex Switchboard, C.T.O. 


scribers served by automatic telex networks have been 
established by direct dialling from the C.T.O. switchboards. 

For some time it had been apparent that operation of the 
inland telex service on the telephone network suffered from 
certain disadvantages, and a Committee set up in 1947 to 
study this question recommended the establishment of a 
new inland telex service using a network of exclusively 
telegraph circuits, to be started temporarily by using 
manually operated switchboards. The final stage in this 
conversion program was completed in 1954, giving complete 
flexibility between the inland and international telex 
services. At the present time there are just over 100 inland 
switchboard positions and approximately 3,000 subscribers. 

The period of post-war activity included the conversion 
of the whole of the inland public network from manual to 
fully automatic working. The deferment of the pre-war 
switching scheme was not without advantage, since it gave 
the opportunity for further thought on signalling methods 
and resulted in the adoption of principles that were laid 
down for the telex service at the Sixth Reunion of the 
C.C.I.T. (Brussels, 1948). The conversion of the public 
service to automatic switching. 13 involving the opening of 
22 telegraph exchanges serving 2,200 lines and the intro- 
duction of a new teleprinter (No. 11) conforming to inter- 
national standards, was completed early in 1954 and has 
been very successful (Fig. 7). 

Concurrently with the adoption of the principle of random 
selection of v.f. circuits to form switched connexions, much 
work has been done in the design and utilization of elec- 
tronic equipment for measuring and analysing distortion 
and investigating its cumulative' effect in tandem-connected 
circuits. 

Facsimile Telegraphy 

Facsimile telegraphy is almost as old as electrical tele- 
graphy itself, having been introduced by Bain in 1842, 
using a receiver which recorded from five electrodes in 
contact with a moving tape of chemically treated paper, so 
reproducing letters that had been set up in metal type and 
scanned by five metallic feelers at the transmitter. The 
following year Bain patented an instrument in which scan- 
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Fig. 7. — Modern Instrument Room, Equipped with Tele- 
printers No. 11. 






ning and synchronizing were based on his electromagnetically- 
maintained pendulum; the swinging pendulum carried a 
scanning stylus and also controlled a traversing mechanism. 

Bakewell, in 1848, patented a "copying telegraph” which 
laid the foundations for the design of orthodox present-day 
facsimile equipment. His instrument embodied a drum 
around which was wrapped the message form to be scanned, 
and an electrical contact device, traversing by means of a 
lead screw, scanned the message form. The message could 
be written in insulating varnish upon metal foil, or altern- 
atively written upon a varnish-coated foil with a sharp point 
to expose the metal; recording, which could now include 
drawings, was again on chemically treated paper. 

Various forms of non-facsimile chemical telegraphy were 
also in vogue for some years, and around 1910 the Siemens 
Photoprinter and similar machines used photographic paper 
for reception of printed characters: both these methods of 
telegraphy were capable of recording at speeds far in excess 
of existing electromagnetic means. 

With improvements in electromagnetic telegraph instru- 
ments, facsimile telegraphy declined for some time until 
interest was revived following the development of photo- 
graphy. Some early work was carried out by Korn, who 
transmitted pictures by radio from Berlin to Paris in 1913. 
Ten years later a system was in use for transmitting 
pictures with limited tonal gradations by the use of ordinary 
five-unit perforated tape in conjunction with an automatic 
transmitter and reperforator: though special equipment 
was needed to prepare the tapes and record from it, the 
transmission itself was entirely by conventional telegraphic 
means. 14 

By the late 1920s the developments in photo-emissive 
cells, electronics, valve-maintained tuning forks and quartz 
crystals, and the availability of channels of suitable 
characteristics enabled picture transmission of reasonable 
quality to be realized. In 1928 the Post Office provided 
four-wire circuits into newspaper offices equipped with 
Bell or Belin photo-telegraph apparatus, and in the 
following year a public photo-telegraph service with 
Continental stations was opened with the installation in the 
C.T.O. of a Siemens-Karolus equipment. 15 At its Second 
Reunion (Berlin, 1929) the C.C.I.T. made recommendations 
for standardization of photo-telegraph apparatus and 
circuits. 

The original picture-telegraph equipment was destroyed 
during the Second World War when the C.T.O. was very 
severely damaged, but in 1948 the service was re-opened 
using a new Muirhead equipment, and to-day the photo- 
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telegraph service is world wide, using sub-carrier-frecn 
modulation for extra-European radio transmission. ™ 


Towards the Future 

It is difficult to foresee any radical changes in telecrw ; 
technique in the near future. From various causes. 
recent years the inland traffic of the general telegraph ntv- - 
has fallen sharply. The future rests more with the tek' 
service, 16 which is rapidly growing and has, no doubt t 
remarkable development before it. Plans are well advan^* 
for converting the inland telex service to automatic wt**' 
within the next few years, and the ultimate aim is h 
subscriber-to-subscriber dialling within Europe. A i 
is also being examined for the establishment of a Ei 
switched teleprinter-network for the general tel 
service. 

The expansion of the international telex service has 
aided by the recent introduction in this country of el 
regenerative repeaters, and of error-correcting 
for use on radio circuits. To provide telegraph circi 
the transatlantic telephone cable, the first ins' 
this country of narrow-band frequency-modi 
telegraph equipment has been made. 

Switching methods that involve the use of repi 
and automatic transmitters, interconnected auto: 
under the control of perforations forming the prefix' 
tape, may, for special requirements, have advanti 
more orthodox step-by-step systems. Equipment 
purpose has been developed and some systems of 
are already in operation. Magnetic storage methi 
also have some influence on switching applications. 

During recent years, trials have been in progress 
local transmission of telegrams by direct-recording 
telegraphy. It is difficult to foresee a wide application d 
service, but the same technique is being applied — 
reception of meteorological charts, and the C.C.I,~ 
present time studying the question of design stani 
such services. 
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Self-Checking Codes for Data Transmission 


I Increasing use of telegraph facilities for transmission of business tiara in n..rr. i c 
Hit generated studies of accuracy assurance. While currently all „n ? ^ numerical form 
■^involve redundancy, which reduces transmi^ion s^ed or c u erf ° r detection 

fg^unt methods and other means available Tor ^"0^0 "roT-checking “* ^ 




I recent press release about the in- 
jn of a 'giant electronic corn- 
being placed in operation for the 
Dorps it was stated: “The computer 
and memorizes 8,000,000 different 
1 more than 150,000 items required 
1 the Army’s global communica- 
itronics systems in operation. It 
se facts to process 6,000 orders for 
received each day from troops 
Dut the world. It can make 30,000 
1 decisions per second and process 
abulating machine cards per 

er announcement is about an elec- 
inter for use with such “brains” 
ipable of translating and printing 
a to 240,000 letters and numerals 
'• This Produces in one minute 
5te and different 8-1 2 by 11 inch 

svelopments are occurring these 
increasing frequency and these 
nentioned here to point up the 
equirement for speed and accu- 
legraph transmission, with par- 
iphasis on private wire services 
nations facilities and equipment 
essary to interconnect computer 
s ^ the rapid interchange of 
e Rowing use of more general 
e applications of computers 
easing pace of today’s business. 

S P° tenti al growth in private 1 
*! ls in ‘he field of data han- < 
e such “giants,” and greater < 
obviously be required if infor- ( 
r fflEesth, 3 be * ec * to suc h extensive data 1 
fir 6 ca P ac ities. It is the consensus in t 
S«Nuary i 957 


- Western Union that a means of assuring 
accuracy in transmission is essential in 
i this field and several ways of doing it are 
r being devised and tested by our engineers 
t Western Union as the leader in the written 
[ communications field will be prepared to 
• meet this need in integrated data pro- 
cessing. 

Modern record communications facil- 
ities. particularly those utilizing frequency 
modulation, which Western Union pio- 
neered for telegraph purposes, lend them- 
selves readily to almost any practical 
signalling speed that may prove most 
advantageous from the standpoint of the 
computer and the work it must perform 
Unly relatively minor new developments 
in terminal equipment are required to 
accommodate a variety of speeds. How- 
ever, speed of transmission is another 
subject. 

As to accuracy, examples of our experi- 
ences in operating present facilities and 
equipment for data purposes may be of 
interest. 

At Boston not long ago, IDP problems 
were introduced directly into an “Alwac” 
computer by Western Union teleprinter 
keyboard. There is nothing very startling 
about direct keyboard entry, but in this 
case the keyboard was in Boston on the 
Atlantic Coast and the computer, manu- 
factured by Logistics Research, Inc., was 
located in Redondo Beach on the Pacific 
Coast, the two being connected by West- 
ern Union frequency-modulated carrier 
circuits. Mortgage computations, arith- 
metical problems, and trigonometric func- 
tions were being handled and the results 
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| The 7-channel code used with many 
Wmputers provides 1-channel redundancy 
oran odd-even parity check. A 7-channel 
. is also used by RCA Communica- 
/ Os for automatic error detection in 
e graph transmission. In one applica- 
°o each character has three marking and 
0Ur s Pacing pulses. If the received char- 
^er fails to satisfy this ratio of marking 

I W NUARY 1957 


Code tapes 


f character assignments without 
‘ f per .case and lower-case shift 
° f Neither of these applications 

.. Kv virtnp nf 


channel could be added to the 
5-channel telegraph code and 
error detection by means of a 
check. However, this fails to satisfy 
for computer input for 
reasons. In the first place, the code 
of the digits in the standard 
code have no natural arithmeti- 
for computer operation, 
to avoid translation the code 
must be changed. In the 
place, the shift functions are as 
for computer operation as 
are in telegraph ticker service. Thus 
designers have adopted 6-chan- 
of their own to obtain code 
of their own choosing without 
functions. A seventh channel is cus- 
added for parity checking. 



and spacing pulses, the error is detected. 

An 8-channel code, used with the IBM 
card transceiver, provides four marking 
and four spacing pulses per character. 
Errors in transmission are detected if a 
received character has more or less than 
four marking pulses. There are other va- 
riations of the 8-channel code used in some 
types of tape-to-card and card-to-tape con- 
verters. 

The fixed mark-to-space ratio method of 
error detection is superior to the parity 
check for telegraph transmission. The dis- 
tinction would be minor if the transmis- 
sion errors were due to random effects. 
Analysis of actual transmission shows that 
the fixed ratio check will detect certain 
errored characters which will be passed by 
a parity check, while other compensating 
errors are undetectable by either method. 
While neither method is perfect it must be 
recognized that both the parity check and 
the fixed ratio check have considerable 
merit and that they are eminently satis- 
factory for many applications. 

Where a higher degree of accuracy is 
required the character by character parity 
check may be supplemented by an odd- 
even check of the marking pulses in each 
channel of a group of characters. This is 
sometimes referred to as horizontal parity 
checking. There are several arrangements 
in which a horizontal check may be ap- 
plied and unrestricted application of this 
principle will provide any degree of accu- 
racy that may be required. There are 
practical and economic limitations, how- 
ever, so it is necessary to establish the 
accuracy requirements of a particular 
service. Generally speaking, more redun- 
dancy results in higher accuracy. But 
more redundancy produces lower trans- 
mission efficiency and the equipment and 
circuitry are more expensive. 

When operation is restricted to the 
5-channel code one may examine the situ- 
ation where the required number of char- 
acters is limited to the ten digits. There 
are exactly 10 code combinations having 
2 marking pulses and 3 spacing pulses. 
Thus it is possible to apply a “2 out of 5” 
ratio check to this restricted application. 
If more than 10 but less than 16 combina- 
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enved from four of the channels and the be every 10th 12th or 80th ch^ 
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DATA T APE AS TRANSM ITTED BY WESTERN 


INSERTED_A_S A PARITY CHECK IN G CHARACTER 


UNJON WI TH EVERY 8th CHA RACTPp I 


Western Union's automatic 5-chonnel parity check 


The general case in which the required 
number of character assignments is 60 or 
less, any error detecting scheme for a 
5-channel code must insert check charac- 
ters at appropriate intervals. 

In one method the transmitted signals 
include a check character which is added 
to each block of signals by an insertion 
unit. The insertion unit counts the mark- 
ing pulses horizontally by channels for, 
say, a block of seven characters, as illus- 
trated. If the marking pulse count is odd in 
channel 1, for example, no marking pulse 
is added at channel 1 of the eighth char- 
acter. If the marking count is even, as in 
channel 2, a marking pulse is inserted. 
Thus, every eighth character shown in the 
illustration is inserted as a “parity” check 
to make each block of eight characters 
show an odd number of marking pulses in 
each horizontal channel as transmitted to 
the circuit. A dropped or added pulse in 
any block obviously will change the arith- 
metic so that lack of parity will appear. 
This is considered a practical method of 
error checking and one which does not 
require excessive line transmission time. 
The check character spacing need not be 


parity mark insertions, the grea 
probability of experiencing a “cohi 
ing” error. 

It is interesting to note the effi 
traffic volume with different checj 
acter spacings: 


Check Character 
Spacing 


Percent/ 

Incre 



For example, a sales order compri 
characters of intelligence would niJ 
blocks of seven characters so 'tf 
number of characters transmitted 
line would be about 228 with evet| 
character a check character. Witl| 
acter spacing, the signals to be trail 
are increased by approximately ! 
cent. 

It is possible also to take a 6-leyl 
i.e., five levels and a parity ehefi 
transmit it on 5-unit equipment si 
serve the sixth level. For each gr 

WESTERN UNION TECHNICaI 




led 


insertions, the 
ex i-riencing a 


mg to note the 
with different 


haracter. It could 
th. '2th or 80th 

however, to 
laracters 


cter s, the parity check “bit” is 
'■memory equipment, and then the 
five parity bits is transmitted 
^th character. Although not a 
j development, it does illustrate a 
amount of compatibility between 
g-unit code systems, when the sixth 
ts for parity checking. 
ijjje 5 -channel code has long been recog- 
las a standard in the communications 
At the same time, however, 6-, 7- 
g-unit codes are becoming increas- 
- popular which presents a problem of 
patibility. IBM, Remington Rand, and 
a re working on methods of assur- 
accuracy in 5-unit transmission, and it 
ioped that all will settle on a common 
od so that the transmission of 5-unit 
will be compatible in order to take 
plete advantage of the tremendous 
■m plant now operating on the 5-unit 
iple. The Telegraph Company is 
efforts toward this end, and also 
toward providing facilities and equipment 
the transmission of 6-. 7- and 8-unit 


I 


end of the block the transmitter will be 
notified that an error has been received, 
and a “delete this block” symbol will be 
punched in the received tape after the 
errored character. The transmitter will 
reset the tape automatically and retrans- 
mit the group. 

There is still the problem of 5-channel 
code with respect to the many applications 
and equipment which have been designed 
to utilize it. These applications simply 
cannot be converted overnight. Yet more 
accuracy is one of the objectives and 
necessities of IDP, and the standard 5-unit 
code as currently used does not provide a 
channel for obtaining a parity check. The 
use of a unit which can provide accurate 
5-unit transmission without a parity 
checking channel was explored. Telegraph 
engineers developed a means of sending 
the signals for a character, followed by an 
inversion of the same signal, which are 
compared at the receiving end, and any 


•< • •• 
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tensive development work, resulting 
Market, equipment and system stu- 
is being done on another Western 
ink 1 P T ro;iect entitled EDIT (Error Dele- 
by Iterative Transmission.) The EDIT 
^ernwill be sufficiently flexible to ac- 

f^odate 5_ 6 . 7 _ or 8 . channel CQdes 

•Jd l prov ^ e automatic error detection 
%|ock s rf 011 ' ^ ata wil1 prepared in 
*eter "+g P ° n ! eceipt an errored char- 
” ’ e Perforator will stop and at the 
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Type 28 teleprinter 
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I character thus detected. This sys- 
5 thought to have accuracy advan- 
er the single pulse parity check 
since it eliminated the possibility 
or loss of two pulses erroneously 
>ad as a proper check. 
y appear- that the same accuracy 
e obtained by sending the data 
ad comparing the two transmis- 
nvever, the “5-by-5” system, as it 
led, does more than this. Compari- 
utomatic, character by character, 
fc with reversal detecting possible line bias 
H errors. 

: : Another promising method of checking 
^jlizes the “stunt box” of a Type 28 
Ipideprinter. The marking pulses in each 
I' (jiann el are “counted.” A transmitter- 
| ; '.distributor is used to read and send the 
p" check character to the circuit, and also 
|f tack to the stunt box after a combination 
jll'tf CR LF LTRS (carriage return, line 
§ fed letters shift) has been read. If the 
Hprtum signals are correct, the stunt box 
i* cleared to check the next line. This 
if comprehends a “flip-flop” arrangement in 
C ' the stunt box for each channel in the code, 
V»hich changes its state for each marking 
Impulse in its channel. At the end of the line 
HjjK state of the five “flip-flop’s” determines 
check character. 

ill. His possible check method uses 13 of 
the available 42 positions for function 


mechanisms within the stunt box. Ten are 
used for the check itself, one for marking 
and one for spacing for each of the five 
channels, and three for the CR LF LTRS 
sequence. 

This method can be operated from either 
tape in the transmitter, or the keyboard, 
or both. Incoming material is checked by 
inserting a received tape in the transmit- 
ter and running it on a local circuit basis. 
If the odd-even count in the received tape 
for each line does not agree with the check 
character for the line in the tape, the 
equipment stops. 

While some modifications may well be 
lequired in this method, it is probable that 
the stunt box mechanism in at least some 
applications will provide more accurate 
5-channel code transmission systems and 
would be attractive to users. 

These certainly are not the only means 
of providing more error-free received data, 
but were chosen to illustrate the point that 
data can be transmitted and received with 
a high degree of accuracy. Of course, the 
5-channel code will convey more informa- 
tion than a 6-, 7- or 8-channel code in any 


Mr. Vincent's biography appeared in the 
October 1956 issue of Technical Review 
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DATA PROCESSING PACKAGE 
FOR THE IBM 704 


This manual describes the Data Processing Package for 
the IBM 704, which is intended to facilitate the coding of 
commercial programs. 

The Data Processing Package was developed for the Applied 
Programming Department of IBM by the following staff 
members of the New York Data Processing Center, The 
Service Bureau Corporation: 

S. Poley 

F. T. Baker 
M. Hanna 

T. Arbuckle 


The Data Processing Package program decks (symbolic or binary instruction cards) are 
available from: 

704 Program Librarian 

Applied Programming Publications 

IBM Corporation 

590 Madison Avenue 

New York 22, N. Y. 


(c) 1957 by International Business Machines Corporation 
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PART I: SUBROUTINE SPECIFICATIONS 

INTRODUCTION 

The Data Processing Package is an integrated set of subroutines which 
allow the 704 to operate on binary coded decimal (BCD) information. 

Input, output, information transfer and manipulation, and arithmetic 
are all performed on packed BCD data. 

Flexibility is provided for interweaving binary 704 operations with BCD 
subroutine operations. Subroutines are provided to facilitate preparation 
of commercial reports. BCD arithmetic is performed in a 24-digit pseudo- 
accumulator. 

The basic aim of the package is to reduce greatly the time and cost of 
initial programming of certain types of problems. Among these are: 

1. Problems involving the reading and processing (with a modest 
amount of calculation) of successive input records and the writing 
of successive output records (file maintenance). 

2. Problems involving considerable internal data manipulation. 

3. Problems requiring an elaborate output format. 

4. Problems involving mixed alphabetic and numerical input. 

5. Problems of a one-time nature. 

Use of the Data Processing Package does not require memory provision 
for the entire package. Only those subroutines actually to be used in an 
application need be in memory at any time. A simple scheme is available 
for loading these subroutines from a library tape at the time the program 
is run. 


TERMINOLOGY AND SYMBOLS 


The following terms and symbols are used to describe calling sequences: 


Block 
A or B 
W 


Group of sequential words. 
Origin (first word) of a block. 
Number of words in a block. 


1 







PMMTT 1 ' ’• 




ibwL 


- . - 1 . r , „,„ BIIII ,„ ■ : ^, .,^ L - 
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Field 

Numerical Field = 


N 
R, S 
T 
t 

W 


Origin of a control word table. 

Group of sequential characters imbedded in a block. 
Field whose units (rightmost) character is either a 
signed or unsigned digit and whose remaining characters 
are unsigned digits. 

Number of characters in a field. 

Position of the first (leftmost) character of a field. 

Tape unit number (1-10). 

Tag for indexing A, B, or C (t=0, 1 or 2). 

Number of words in a block. 


EXAMPLE 

Assume that the first 72 columns of the card 


f Estimate 

Job 

Man 




No. 

No. 

No. 

Date 

Hours 

Description 

8039 

1- -4 

01 

363 

07|22|7 

11.6 

CLASSIFIED 

5- -6 

7- -9 

10- -14 

15- -17 

18- -72 


are read into core storage as a 12-word packed BCD block (six characters 
per word) beginning at symbolic location INPUT. The block would appear 
m core storage as follows, letting b stand for a blank character: 


("803901| 363072 | 271 16C | LASSIF | IEDbbb ]bb- b [ bbbbbb~] 

INPUT +1 +2 +3 +4 ... 


The following table indicates how each field of this card would be described 
m terms of the previously defined parameters: 


A (or B) = INPUT 


FIELD 


N R (or S) 


Estimate No. 4 

Job No. 2 

Man No. 3 

Date 5 

Hours 3 

Description 55 


1 

5 

7 

10 

15 

18 


It is important to note that a field may be thus described without explicit 
information concerning the position of its individual characters within a 


block; i. e. , we do not need to concern ourselves with the fact that the 
leftmost character of the HOURS field is the third character (counting 
from the left) of (INPUT +2). We need only realize that the HOURS field 
begins with the fifteenth character of the block starting at INPUT and is 
three characters in length. 

To facilitate the processing of fields which are known to begin with the 
leftmost character of a word, omitting R or S in a field description will 
always have the same effect as setting R or S equal to 1. 


GENERAL SPECIFICATIONS 

Regardless of which subroutines are called into use, a section of the Data 
Processing Package known as the Universal Routine must always be present. 
The principal function of the Universal Routine is to supply a mechanism for 
reference to the various subroutines and to provide universal constants and 
erasable storage. 

All of the subroutines in the Data Processing Package are entered by 
executing an instruction of the form TSX SUBR, 4 followed by an 
appropriate calling sequence, where SUBR stands for the beginning 
location of the subroutine. 

The contents of index registers 1 and 2 prior to entry into a subroutine 
are always restored prior to exit from the subroutine. The contents of 
the MQ prior to entry into a subroutine remain the same upon exit from 
the subroutine in the case of BPB, ZAC, TZE, TNZ, TMI, TPL, TOV, 

TNO, and ALS. In all other cases the contents of the MQ are changed. 

The contents of the Accumulator are changed by all subroutines except 
ZAC. 


2 


3 




READ CARD INTO PACKED BCD 


Purpose 


To read columns 1-72 of a decimal card, perform Hollerith to BCD con- 
version and store the resulting packed BCD characters in a 12-word 
block of core storage, starting at A, t. 


Calling Sequence 



Error Return 


° f ! Uegal Hollerith punching will result in an error return 
gal punching does not terminate the conversion process and all legal ’ 

ctr c Ter W s J Pr ° Perly COnVerted ‘ <See the ^ g al HolleHth 


Timing 


To keep the card reader in motion, 
return and subsequent TSX to RCD. 


do not exceed 21 ms between the normal 


Note 


On an EOF return, the 12-word block starting at A 
zeros. ’ 


t will be cleared to 


4 


PUNCH PACKED BCD 


Purpose 

To convert to Hollerith a packed BCD block of W words beginning at A, t 
and punch a card. Punching will begin in column 1, assuming a SHARE 
punch control panel is used. 


Calling Sequence 



Timing 


To keep the card punch in motion, do not exceed 24. 8 ms between the 
return and subsequent TSX to WPU. 


5 




PRINT PACKED BCD 


Purpose 


To convert to Hollerith a packed BCD block of W words beginning at A t 

aeftmo 1 s0 0 tv e ne hn l° n , ““ 0n ' line printer ‘ Printin 8 begin with the first 
used ’ aSSUmlng a SHARE 1 ° r 11 Printer control panel is 


Calling Sequence 



To keep the printer in motion, 
and subsequent TSX to WPR. 


do not exceed 114. 7 ms between the return 


6 


READ BCD TAPE 


Purpose 

Thread one BCD record from tape T into a block of core storage beginning 


Calling Sequence 



Error Return 


fn n the TT CheC f k /f 1Ure ° r falSe EOR or EOF ski P* result in an error return. 
In the case of false EOR or EOF skips, the accumulator is set to zero. 

Usage 

° n "i tker an RTT error return or a normal return, a word count is left 
n the decrement field of the accumulator. If the input record is not an 

wTrd (Ts tlP h Ch f raCterS ' the characters in the final incomplete 

oftheMQ CharaCt6rS) Wil1 be left ^e low-order (rightmost) positions 

Timing 

(11. 1 + ,4W) ms per record. There is no "free" calculating time available 
between successive entries to RTD. 


7 




■VI -A • ■ v 1 V 


■ -'v ■ . ! ■■': ,, 


EXTRACT AND INSERT 


ALPHANUMERICAL COMPARISON 


Purpose 


To move one or more fields from one block to another. 
Calling Sequence (K = number of fields to be moved. ) 


Purpose 


To compare two fields. 
Calling Sequence 







N 





DPP1 DATA PROCESSING PACKAGE 

DPP 10000 







DPP 10001 

, t ' v j 






DPP 10002 

- 


ooooo 


ORG 0 


DPP10003 

< 


ooooo 


BSS 0 

UNIVERSAL COMPONENT 

DPP 1 0004 



00124 

U 

EQU 84 


DPP10005 



OOOOO 

( ) 

EQU 0 


DPP10006 

, ^ 






DPP10007 





UNIVERSAL CONSTANTS 


DPP 10008 







DPP 10009 

... 

00000 

0 OOOOO 0 00001 

1A 

1 


DPP10010 


00001 

o OOOOO 0 00010 

8A 

8 


DPP10011 


00002 

o OOOOO 0 00011 

9A 

9 


DPP 10012 

• 

00003 

o OOOOO 0 00012 

10A 

10 


DPP 100 13 

-y 

00004 

0 OOOOO 0 00016 

14A 

14 


DPP 10014 

* M 

00005 

o OOOOO 0 00100 

64A 

64 


DPP 1 00 1 5 


00006 

+000000000040 

040A 

OCT 40 


DPP10016 j 


00007 

+000000000051 

05 1A 

OCT 51 


DPP10017 


00010 

+000000000053 

053A 

OCT 53 


DPP 10018 


00011 

+000000000054 

054A 

OCT 54 


DPP10019 j 


00012 

+000000000060 

060A 

OCT 60 


DPP10020 

7-1 

00013 

+000000000067 

067A 

OCT 67 


DPP 1002 1 


00014 

+000000000073 

073A 

OCT 73 


DPP 10022 


00015 

+000000000077 

077A 

OCT 77 


DPP 10023 


00016 

0 00001 0 ooooo 

ID 

0»0»1 


DPP 10024 


00017 

0 00002 0 ooooo 

2D 

0 *0 » 2 


DPP 10025 


00020 

0 00014 0 ooooo 

12D 

0 » 0 » 12 


DPP 10026 

' - 

00021 

+000077000000 

cxso 

OCT 77000000 


DPP 10027 


00022 

0 OOOOO 1 ooooo 

TAG1 

0»1 


DPP 10028 

-i 

00023 

0 OOOOO 2 ooooo 

2T 

0.2 


DPP10029 


00024 

o ooooo 7 ooooo 

TAG7 

0,7 


DPP10030 

■ 

00025 

0 77777 0 77777 

CT 

-1»0»-1 


DPP10031 

> 

00026 

o OOOOO 0 77777 

CTD 

-1 


DPP 10032 


00027 

0 OOOOO 0 00447 

LAC 

AC 


DPP 10033 

All 

00030 

0 OOOOO 0 00477 

LAC24 

AC+24 


DPP 10034 


00031 

0 OOOOO 0 00124 

UA 

U 

SIZE OF UNPACKED BLOCK 

DPP 10035 

M 

00032 

0 OOOOO 0 00052 

HUA 

U/2 


DPP 10036 

fA 

00033 

0 00124 0 OOOOO 

UDEC 

0,0. u 


DPP10037 

00034 

0 00052 0 OOOOO 

HUD 

OtO»U/2 


DPP 10038 


00035 

0 OOOOO 0 00500 

UDB 

UD 


DPP 10039 


00036 

0 OOOOO 0 00477 

UDM1 

UD-1 


DPP 10040 

-1 

00037 

0 OOOOO 0 00552 

UDPHU 

UD+U/2 


DPP 1 004 1 

• 






DPP 10042 

J 




shift table 


DPP 10043 







DPP 10044 


00040 

0 OOOOO o ooooo 

ZERO 

0 


DPP 10045 


00041 

o OOOOO 0 00006 

6A 

6 


DPP 10046 

r\ 

00042 

0 OOOOO 0 00014 

12A 

12 


DPP 10047 

i 

00043 

0 OOOOO 0 00022 


18 


DPP 10048 


00044 

0 OOOOO 0 00030 


24 


DPP 10049 


00045 

0 OOOOO 0 00036 

STAB 

30 


DPP 10050 

R 






DPP1005 1 

w. ; 


00040 

0000, 

SYN ZERO 


DPP 10052 

$ 

Jj 


ooooo 

0001* 

SYN 1A 


DPP 10053 


00041 

0006* 

SYN 6A 


DPP 10054 

-1 


00001 

0008* 

SYN 8A 


DPP 10055 

.• A 





00002 

0009a 

SYN 

9A 





00003 

0010. 

SYN 

10A 





00042 

0012. 

SYN 

12A 





00044 

0024. 

SYN 

STAB-1 





00035 

LUD 

SYN 

UDB 





00012 

50B 

SYN 

060A 




00046 

+000000000000 


OCT 


77 

ILLEGAL 

00047 

+000000000000 


OCT 


76 

I LLEGAL 

00050 

+000000000000 


OCT 


75 

ILLFGAL 

00051 

-000011000000 


OCT 

400011000000 

74 

( 


00052 

-000010000000 


OCT 

400010000000 

73 



00053 

+000000000000 


OCT 


72 

ILLEGAL 

00054 

-000046000000 


OCT 

400046000000 

71 

Z 


00055 

-000045000000 


OCT 

400045000000 

70 

Y 


00056 

-000044000000 


OCT 

400044000000 

67 

X 


00057 

-000043000000 


OCT 

400043000000 

66 

W 


00060 

-000042000000 


OCT 

400042000000 

65 

V 


00061 

-000041000000 


OCT 

400041000000 

64 

u 


00062 

-000040000000 


OCT 

400040000000 

63 

T 


00063 

-000037000000 


OCT 

400037000000 

62 

S 


00064 

-000007000000 


OCT 

400007000000 

61 

/ 


00065 

-000000606060 


OCT 

400000606060 

60 

BLANK 

00066 

+000000000000 


OCT 


57 

ILLEGAL 

00067 

+000000000000 


OCT 


56 

ILLEGAL 

00070 

+000000000000 


OCT 


55 

I LI FGAI 

00071 

-000005000000 


OCT 

400005000000 

54 

* 


00072 

-000004000000 


OCT 

400004000000 

53 

$ 


00073 

-240025523200 


OCT 

640025523200 

52 

-0 


00074 

-240036513111 


OCT 

640036513111 

51 

R 

-9 

00075 

-240035503010 


OCT 

640035503010 

50 

0 

-8 

00076 

-240034472707 


OCT 

640034472707 

47 

P 

-7 

00077 

-240033462606 


OCT 

640033462606 

46 

0 

-6 

00100 

-240032452505 


OCT 

640032452505 

45 

N 

-5 

00101 

-240031442404 


OCT 

640031442404 

44 

M 

-4 

00102 

-240030432303 


OCT 

640030432303 

43 

L 

-3 

00103 

-240027422202 


OCT 

640027422202 

42 

K 

-2 

00104 

-240026412101 


OCT 

640026412101 

41 

J 

-1 

00105 

-000006000000 


OCT 

400006000000 

40 



00106 

+000000000000 


OCT 


37 

ILLEGAL 

00107 

+000000000000 


OCT 


36 

I LLEGAL 

00110 

+000000000000 


OCT 


35 

ILLFGAL 

00111 

-000002000000 


OCT 

400002000000 

34 

) 


00112 

-000001000000 


OCT 

400001000000 

33 



00113 

-200013523200 


OCT 

600013523200 

32 

+ 0 


00114 

-200024513111 


OCT 

600024513111 

31 

I 

+ 9 

00115 

-200023503010 


OCT 

600023503010 

30 

H 

+ 8 

00116 

-200022472707 


OCT 

600022472707 

27 

G 

+ 7 

00117 

-200021462606 


OCT 

600021462606 

26 

F 

+6 

00120 

-200020452505 


OCT 

600020452505 

25 

E 

+ 5 

00121 

-200017442404 


OCT 

600017442404 

24 

D 

+ 4 

00122 

-200016432303 


OCT 

600016432303 

23 

C 

+ 3 

00123 

-200015422202 


OCT 

600015422202 

22 

B 

+2 

00124 

-200014412101 


OCT 

600014412101 

21 

A 

+ 1 

00125 

-000003000000 


OCT 

400003000000 

20 

+ 


00126 

+000000000000 


OCT 


17 

ILLEGAL 


DPP10056 
DPP 1 0057 
DPP 10058 
DPP 10059 
DPP10060 
DPP 1006 1 
DPP 10062 
DPP10063 
DPP 10064 
DPP 10065 
DPP 10066 
DPP 10067 
DPP 10068 
DPP 10069 
DPP 10070 
DPP 1007 1 
DPP10072 
DPP10073 
DPP 10074 
DPP10075 
DPP10076 
DPP 10077 
DPP 10078 
DPP 10079 
DPP 10080 
DPP1008 1 
DPP 10082 
DPP10083 
DPP 10084 
DPP10085 
DPP10086 
DPP10087 
DPP 10088 
DPP 10089 
DPP 10090 
DPP 1009 1 
DPP10092 
DPP 10093 
DPP10094 
DPP 10095 
DPP 10096 
DPP 10097 
DPP 10098 
DPP 10099 
DPP 10100 
DPP10101 
DPP10102 
DPP 10103 
DPP10104 
DPP1Q105 
DPP 10106 
DPP 10107 
DPP 10108 
DPP 10 109 
DPP 10110 
DPP10111 



1 



*»■ 


4^ 

Ui 


00127 +000000000000 


OCT 


16 ILLEGAL 

DPP 101 12 

00130 +000000000000 


OCT 


15 ILLEGAL 

DPP10113 

00131 +000000000000 


OCT 


14 ILLEGAL(-) 

DPP10114 

00132 -000012000000 


OCT 

400012000000 

13 

DPP10115 

00133 +000000000000 


OCT 


12 ILLEGAL 

DPP10116 

00134 -300060513111 


OCT 

700060513111 

11 9 

DPP 10 1 1 7 

00135 -300057503010 


OCT 

700057503010 

10 8 

DPP10118 

00136 -300056472707 


OCT 

700056472707 

07 7 

DPP10119 

00137 -300055462606 


OCT 

700055462606 

06 6 

DPP 10 120 

00140 -300054452505 


OCT 

700054452505 

05 5 

DPP 1012 1 

00141 -300053442404 


OCT 

700053442404 

04 4 

DPP 10122 

00142 -300052432303 


OCT 

700052432303 

03 3 

DPP10123 

00143 -300051422202 


OCT 

700051422202 

02 2 

DPP10124 

00144 -300050412101 


OCT 

700050412101 

01 1 

DPP 10125 

00145 -300047523200 

BCD 

OCT 

700047523200 

00 0 

DPP10126 






DPP10127 




UNIVERSAL SUB-SUBROUTINES 

DPP1Q128 






DPP 10 129 




RESTORE AND RETURN 

ROUTINE 

DPP 10 130 






DPP10131 

00146 -0 53400 1 00421 

END 

LXD 

XA , 1 

RESTORE 

DPP 10 132 

00147 -0 53400 2 00422 


LXD 

XB ,2 

AND 

DPP 10133 

00150 0 02000 4 00000 


TRA 

0,4 

RETURN 

DPP 10134 






DPP 10 1 35 






DPP 10 136 




INDEX ROUTINE 


DPP10137 






DPP 10 1 38 

00151 0 60200 0 00435 

INDEX 

SLW 

I ND1 

SAVE INPUT 

DPP10139 

00152 -0 32000 0 00024 


ANA 

TAG7 


DPP10140 

00153 0 10000 0 00162 


TZE 

I ND2 

IS TAG=0 

DPP 10141 

00154 0 40200 0 00022 


SUB 

tagi 


DPP 10 142 

00155 -0 10000 0 00160 


TNZ 

I ND3 

IS TAG=1 

DPP10143 

00156 0 50200 0 00421 


CLS 

XA 

TAG=1 

DPP10144 

00157 0 02000 0 00161 


TRA 

IND4 


DPP 10 145 

00160 0 50200 0 00422 

I ND3 

CLS 

XB 

TAG = 2 

DPP 10 146 

00161 0 77100 0 00022 

I ND4 

ARS 

18 


DPP 10 147 

00162 0 40000 0 00435 

I ND2 

ADD 

I ND1 


DPP 10 148 

00163 -0 32000 0 00025 


ANA 

CT 

CLEAR TAG 

DPP 10 149 

00164 0 02000 2 00001 


TRA 

1,2 


DPP10150 






DPP 10151 




LOCATE FIELD START 


DPP10152 






DPP10153 

00165 -0 63400 2 00436 

LFS 

SXD 

LFSB»2 

SAVE IR-2 

DPP10154 

00166 0 07400 2 00151 


TSX 

INDEX, 2 

INDEX ORIGIN 

DPP10155 

00167 -0 73400 2 00000 


PDX 

0,2 


DPP10156 

00170 3 00000 2 00174D 


TXH 

LFS1 , 2 » 0 

IS DEC=0 

DPP 10 1 57 

00171 0 53400 1 00041 


LXA 

6A , 1 

SET I R-l=6 

DPP 10158 

00172 -0 53400 2 00436 


LXD 

LFSB , 2 


DPP 10 159 

00173 0 02000 2 00001 


TRA 

1,2 


DPP10160 

00174 0 62100 0 00431 

LFS1 

STA 

LFSA 

DEC. NOT ZERO 

DPP 1016 1 

00175 0 40200 0 00016 


SUB 

ID 

(DEC-1) 

DPP 10 162 

00176 0 76500 0 00065 


LRS 

53 


DPP 10 163 

00177 0 22000 0 00041 


DVH 

6A 

(DEC-1 )/6=Q+REM 

DPP 10 164 

00200 0 40200 0 00041 


SUB 

6A 


DPP 10 165 

00201 0 73400 1 00000 


PAX 

0,1 

SET I R-l= ( 6-REM ) 

DPP 10166 

00202 -0 60000 0 00437 


STQ 

LFSQ 

SAVE Q 

DPP 10 167 


00203 -0 50000 0 00431 

00204 0 36100 0 00437 

00205 -0 53400 2 00436 

00206 0 02000 2 00001 


00207 -0 63400 2 00432 

00210 0 07400 2 00151 

00211 0 62100 0 00432 

00212 0 77100 0 00022 

00213 0 73400 1 00000 

00214 0 36100 0 00432 

00215 -0 53400 2 00432 

00216 0 02000 2 00001 


CAL LFSA 
ACL LFSQ 
LXD LFSB»2 
TRA 1*2 

SET UP BLOCK 

SBA SXD SBAB • 2 
TSX INDEX# 2 
STA SBAB 
ARS 18 
PAX 0,1 
ACL SBAB 
LXD SBAB » 2 
TRA 1,2 


ADDRESS 

INDEX ORIGIN 

SET IR-1=W 
(A+W) 


EXTRACT FIELD TO UD 

00217 0 53400 1 00000 XTR1 LXA 1A»1 

00220 -0 63400 2 00440 XTR SXD XTRB,2 

00221 -0 63400 4 00441 SXD XTRX»4 

00222 -0 63400 1 00433 SXD XTRNil 

00223 0 07400 2 00165 TSX LFS,2 

00224 -0 63400 1 00443 SXD XTRR*1 

00225 0 76000 0 00006 COM 

00226 0 60200 0 00442 SLW XTRC 

00227 0 73400 2 00000 PAX 0,2 

00230 -0 50000 0 00433 CAL XTRN 

00231 0 77100 0 00022 ARS 18 

00232 0 73400 4 00000 PAX 0,4 

00233 0 36100 0 00035 ACL UDB 

00234 0 62100 0 00243 STA XTRU 

00235 -0 50000 1 00046 CAL STAB+1,1 

00236 0 62100 0 00240 STA XTR2 

00237 0 56000 2 77777 LDQ -1,2 

00240 -0 77300 0 00000 XTR2 RQL ( ) 

00241 0 76000 0 00000 XTR4 CLM 

00242 -0 76300 0 00006 LGL 6 

00243 0 60200 4 00000 XTRU SLW ( ) ,4 

00244 -2 00001 4 00251 TNX XTR3.4,1 

00245 2 00001 1 00241 TlX XTR4,1,1 

00246 0 53400 1 00041 LXA 6A»1 

00247 0 56000 2 00000 LDQ 0,2 

00250 1 77777 2 00241 TXI XTR4,2,-1 

00251 -0 53400 1 00433 XTR3 LXD XTRN»1 

00252 -0 50000 0 00243 CAL XTRU 

00253 -0 53400 2 00440 LXD XTRB»2 

00254 -0 53400 4 00441 LXD XTRX»4 

00255 0 02000 2 00001 TRA 1,2 

INSERT FIELD FROM UD 

00256 0 53400 1 00000 INS1 LXA 1A*1 

00257 -0 63400 2 00444 INS SXD INSB»2 

00260 -0 63400 4 00445 SXD INSC»4 

00261 -0 63400 1 00434 SXD INSN»1 


SET I R-l=l 
SAVE IR-2,4 

SAVE N 

LOCATE FIELD START 
SAVE ( 6-REM ) 

SAVE 1C0MIA+Q) 

SET I R“2=1C0M ( A+Q ) 


SET IR-4=N 
(UD+N) 

set up initial shift 

GET 1ST PACKED WORD 
AND SPIN TO 1ST CHAR. 

UNPACK AND STORE 
IN UD BLOCK 
TEST FOR N CHAR. 

TEST FOR 6 CHAR. 

SET I R- 1 =6 

GET NEXT PACKED WORD 
STEP PACKED ADDR. 

SET I R- 1 =N 
SET ACC ( ADR J = ( UD+N J 
RESTORE 
AND 
RETURN 



DPP 10166 
DPP10169 
DPP1Q170 
DPP 10171 
DPP10172 
DPP10173 
DPP10174 
DPP 10175 
DPP10176 
DPP10177 
DPP10178 
DPP10179 
DPP 10180 
DPP 10181 
DPP 10 182 
DPP 10 183 
DPP 10 1 84 
DPP 10 185 
DPP 10 186 
DPP10187 
DPP 10 188 
DPP 1018 9 
DPP 10 190 
DPP10191 
DPP 10 192 
DPP10193 
DPP 10 194 
DPP10195 
DPP 10 196 
DPP 10 197 
DPP 10 1 98 
DPP 10 1 99 
DPP 102 00 
DPP10201 
DPP 10202 
DPP 10203 
DPP 10204 
DPP 10205 
DPP 10206 
DPP 10207 
DPP 10208 
DPP 10209 
DPP1021 0 
DPP 10211 
DPP 102 12 
DPP 102 1 3 
DPP1Q214 
DPP 102 1 5 
DPP 102 16 
DPP10217 
DPP 102 18 
DPP 1021 9 
DPP 10220 
DPP 1022 1 
DPP 10222 
DPP 10223 



SAVE N 


4 *- 

O' 


00262 0 07400 2 00165 

00263 0 76000 0 00006 

00264 0 73400 2 00000 

00265 -0 50000 0 00434 

00266 0 77100 0 00022 

00267 0 73400 4 00000 

00270 0 40000 0 00035 

00271 0 62100 0 00300 

00272 -0 50000 1 00046 

00273 0 62100 0 00275 

00274 0 56000 2 77777 

00275 -0 76300 0 00000 

00276 0 76700 0 00006 

00277 -0 77300 0 00006 

00300 0 36100 4 00000 

00301 -2 00001 4 00310 

00302 2 00001 1 00276 

00303 0 60200 2 77777 

00304 0 53400 1 00041 

00305 0 56000 2 00000 

00306 1 77777 2 00276 

00307 -0 76300 0 00006 

00310 2 00001 1 00307 

00311 0 60200 2 77777 

00312 “0 53400 2 00444 

00313 -0 53400 4 00445 

00314 0 02000 2 00001 

00315 -0 63400 2 00444 

00316 -0 63400 4 00445 

00317 -0 53400 1 00443 

00320 0 53400 2 00442 

00321 “0 50000 0 00433 

00322 0 02000 0 00266 



TSX 

LFS» 2 


COM 



PAX 

0*2 


CAL 

I NSN 

INS6 

ARS 

18 


PAX 

0*4 


ADD 

UDB 


STA 

INSU 


CAL 

STAB+1 *1 


STA 

INS2 


LDQ 

-1*2 

INS2 

LGL 

( ) 

I NS4 

ALS 

6 


RQL 

6 

INSU 

ACL 

( ) *4 


TNX 

INS3 *4*1 


T I X 

I N54 *1*1 


SLW 

-1*2 


LXA 

6Al 1 


LDO 

0,2 


TXI 

INS4* 2 

INS5 

LGL 

6 

INS3 

T I X 

INS5 *1*1 


SLW 

-1*2 


LXD 

INSB » 2 


LXD I NSC *4 
TRA 1*2 

I NSX SXD I NSB * 2 
SXD INSC *4 
LXD XTRR * 1 
LXA XTRC»2 
CAL XTRN 
TRA INS6 


LOCATE FIELD START 
SET I R-2=1C0M ( A+Q ) 


SET I R“4=N 
(UD+N) 

SET UP INITIAL SHIFT 

GET FIRST PACKED WORD 
INITIAL SPIN 


INSERT 

TEST FOR N CHAR. 

TEST FOR 6 CHAR. 

STORE PACKED WORD 
SET IR-1=6 

GET NEXT PACKED WORD 
STEP P.W. ADDR. 

SPIN LAST 
PACKED WORD 

RESTORE 

AND 

RETURN 

SAVE I. R» 

SET IR-1=(6-REM) 
SET I R-2= 1C0M ( A+Q ) 

SET N 


DECIMAL TO BINARY CONVERSION 


00323 “0 63400 1 00421 DTB 

00324 -0 63400 2 00422 

00325 0 50000 4 00001 

00326 0 73400 1 00000 

00327 0 14000 0 00330 

00330 0 50000 4 00002 DB1 

00331 0 07400 2 00220 

00332 0 62100 0 00335 

00333 0 60000 0 00424 

00334 0 56000 0 00002 

00335 0 50000 1 00000 DB3 

00336 0 04000 0 00347 

00337 0 40000 0 00424 

00340 -3 00001 1 00362 

00341 0 60100 0 00424 

00342 0 76700 0 00003 

00343 0 40000 0 00424 

00344 0 40000 0 00424 

00345 0 60100 0 00424 

00346 2 00001 1 00335 


SXD 

XA»1 

SXD 

XB *2 

CLA 

1*4 

PAX 

0,1 

TOV 

DBl 

CLA 

2*4 

TSX 

XTR * 2 

STA 

DB3 

ST Z 

T 1 

LDQ 

9A 

CLA 

( ) tl 

TLQ 

DB4 

ADD 

Tl 

TXL 

DB5 » 1 » 1 

STO 

Tl 

ALS 

3 

ADD 

Tl 

ADD 

Tl 

STO 

Tl 

T I X 

DB3 » 1 » 1 


SAVE I.R. 

GET N 
SET I R- 1=N 

TURN OFF OV. TRIGGER 
EXTRACT FIELD 
TO BE CONVERTED 
SET (UD+N) 

CLEAR PARTIAL SUM 
SET MQ=9 

TEST FOR PURE DIGIT 

TEST FOR UNITS DIGIT 

PROGRAMMED 

MULT. 

BY 

10 


DPP 10224 
DPP10225 
DPP10226 
DPP 10227 
DPP 1022 8 
DPP 10229 
DPP10230 
DPP10231 
DPP 10232 
DPP 10233 
DPP 10234 
DPP10235 
DPP 10236 
DPP 10237 
DPP 10238 
DPP 10239 
DPP 10240 
DPP10241 
DPP 10242 
DPP 10243 
DPP 10244 
DPP 10245 
DPP 10246 
DPP10247 
DPP 10248 
DPP 10249 
DPP 10250 
DPP 10251 
DPP10252 
DPP 10253 
DPP 10254 
DPP 10255 
DPP 10256 
DPP10257 
DPP 10258 
DPP 10259 
DPP 10260 
DPP 10261 
DPP 10262 
DPP 10263 
DPP 10264 
DPP 10265 
DPP10266 
DPP 10267 
DPP 10268 
DPP 10269 
DPP 10270 
DPP 1027 1 
DPP 10272 
DPP 10273 
DPP10274 
DPP10275 
DPP 10276 
DPP 10277 
DPP 10278 
DPP 10279 


00347 

3 00001 1 00365 

DB4 

TXH 

DB6 *1*1 


TEST FOR UNITS DIGIT 

DPP 1028 0 

00350 

0 73400 2 00000 


PAX 

0,2 


IS UNITS POSITION 

DPP 10281 

00351 

0 56000 2 00145 


LDQ 

BCD»2 


A SIGNED DIGIT 

DPP 10282 

00352 - 

■0 77300 0 00001 


RQL 

1 



DPP10283 

00353 

0 16200 0 00365 


TOP 

DB6 



DPP 10284 

00354 -0 77300 0 00037 


RQL 

31 


PUT UNSIGNED UNITS 

DPP10285 

00355 

0 50000 0 00040 


CLA 

ZERO 


DIGIT IN ACC 

DPP 10286 

00356 -0 76300 0 00004 


LGL 

4 



DPP10287 

00357 

0 40000 0 00424 


ADD 

Tl 



DPP 10288 

00360 - 

-0 77300 0 00003 


RQL 

3 


SIGN AC 

DPP 10289 

00361 

0 76300 0 00000 


LLS 

0 



DPP1Q290 

00362 

0 14000 0 00364 

DB5 

TOV 

DB7 


OVERFLOW TEST 

DPP 10291 

00363 

1 77774 4 00146 


TXI 

END»4*-4 


NORMAL RETURN 

DPP10292 

00364 

0 50000 0 00016 

DB7 

CLA 

ID 


SET DECREMENT TO 1 

DPP 10293 

00365 

1 77775 4 00146 

DB6 

TXI 

END »4*~3 


ERROR RETURN 

DPP 10294 








DPP10295 





BINARY TO 

DECIMAL CONVERSION 

DPP 10296 








DPP 10297 

00366 ■ 

-0 63400 1 00421 

BTD 

SXD 

XA * 1 


SAVE I.R* 

DPP10298 

00367 -0 63400 2 00422 


SXD 

XB • 2 



DPP10299 

00370 

0 76500 0 00043 


LRS 

35 


SHIFT BINARY INTO MQ 

DPP 10300 

00371 

0 76000 0 00000 


CLM 




DPP10301 

00372 

0 36100 4 00001 


ACL 

1*4 



DPP10302 

00373 

0 73400 1 00000 


PAX 

0,1 


SET I R-1=N 

DPP 10303 

00374 • 

-0 63400 1 00424 


SXD 

Tl » 1 


SAVE N 

DPP 10304 

00375 

0 36100 0 00036 


ACL 

UDM1 



DPP 10305 

00376 

0 62100 0 00404 


STA 

BD1 


SET (UD+N-1 ) “UNITS POSITION 

DPP 10306 

00377 

0 62100 0 00410 


STA 

BD2 



DPP 10307 

00400 

0 62100 0 00414 


STA 

BD3 



DPP 10308 

00401 

0 53400 2 00040 


LXA 

ZERO * 2 


SET IR-2=0 

DPP 10309 

00402 

0 76000 0 00000 

BD5 

CLM 




DPP 103 1 0 

00403 

0 22000 0 00003 


DVH 

10A 


GENERATE BCD 

DPP10311 

00404 

0 60200 2 00000 

BD1 

SLW 

( ) *2 


STORE UNPACKED BCD 

DPP10312 

00405 

-2 00001 1 00407 


TNX 

BD4 *1*1 


TEST FOR N CHAR. 

DPP 10313 

00406 

1 00001 2 00402 


TXI 

BD5 * 2 • 1 



DPP 103 14 

00407 

0 12000 0 00415 

BD4 

TPL 

BD6 


SKIP ON + 

DPP 103 15 

00410 

0 50000 0 ooooo 

BD2 

CLA 

( ) 


-» GET UNITS DIGIT 

DPP 103 16 

00411 

-0 10000 0 00413 


TNZ 

BD7 



DPP 103 17 

00412 

0 40000 0 00003 


ADD 

10A 



DPP 10 3 1 8 

00413 

0 40000 0 00006 

BD7 

ADD 

040A 


SIGN UNITS DIGIT - 

DPP 10319 

00414 

0 60100 0 OOOOO 

BD3 

STO 

( ) 



DPP 10320 

00415 

-0 53400 1 00424 

BD6 

LXD 

Tl » 1 


INSERT BCD 

DPP 1032 1 

00416 

0 50000 4 00002 


CLA 

2*4 



DPP10322 

00417 

0 07400 2 00257 


TSX 

INS»2 



DPP 10323 

00420 

1 77775 4 00146 


TXI 

END*4»-3 


RETURN 

DPP10324 








DPP 10325 





UNIVERSAL 

ERASEABLE 


DPP10326 








DPP10327 

00421 

0 OOOOO 0 OOOOO 

XA 





DPP 10328 

00422 

0 OOOOO 0 OOOOO 

XB 





DPP 10329 

00423 

0 OOOOO 0 ooooo 

xc 





DPP1033Q 

00424 

o OOOOO 0 OOOOO 

Tl 





DPP 10331 

00425 

o OOOOO 0 ooooo 

T2 





DPP 10332 

00426 

o ooooo o ooooo 

T 3 





DPP 10 333 

00427 

0 OOOOO 0 ooooo 

T<f 





DPP 10334 

00430 

0 ooooo 0 ooooo 

T5 





DPP 10335 



o 00000 0 ooooo 
o ooooo o ooooo 
o ooooo o ooooo 
o ooooo o ooooo 


READ CARD TO PACKED BCD 


READ CARD COMPONENT 


SYN UD+64 
SYN UD+66 



00604 

BOOL 

SYN 

UD+68 


00606 

8AND 

SYN 

UD+70 


00610 

ATE4 

SYN 

UD+72 


00612 

COBL 

SYN 

UD+74 


00614 

ZAND 

SYN 

UD+76 

00624 

0 76200 0 00321 

RCD 

RCD 


00625 ■ 

-0 63400 1 00421 


SXD 

XA#1 

00626 • 

-0 63400 2 00422 


SXD 

XB#2 

00627 

-0 63400 4 00423 


SXD 

XC *4 

00630 

-0 50000 4 00001 


CAL 

1*4 

00631 

0 07400 2 00151 


TSX 

INDEX»2 

00632 

0 40100 0 00042 


ADM 

12A 

00633 

0 62100 0 00665 


STA 

OR I NS 

00634 

0 62100 0 00636 


STA 

RCD2 

00635 

0 53400 4 00042 


LXA 

12A*4 

00636 

0 60000 4 OOOOO 

RCD2 

STZ 

( ) .4 

00637 

2 00001 4 00636 


T I X 

RCD2 *4*1 

00640 

0 53400 4 00005 


LXA 

64A * 4 

00641 

0 53400 2 00001 


LXA 

8A»2 

00642 

0 53400 1 00001 

RCD1 

LXA 

8A » 1 

00643 

-0 50000 2 01050 

CAL 

CAL 

MODEL+ 8*2 

00644 

0 76700 0 00022 


ALS 

18 

00645 

0 36100 1 01050 


ACL 

MODEL+8 » 1 

00646 

0 60200 4 00600 


SLW 

UD+64 » 4 

00647 

-2 00001 4 01017 


TNX 

EOF *4*1 

00650 

2 00001 1 00643 


T I X 

CAL *1*1 

00651 

2 00001 2 00642 


T IX 

RCD1 *2*1 

00652 

0 70000 0 00600 

LOOP 

CPY 

LEFT 

00653 

0 70000 0 00601 

RCD3 

CPY 

LEFT + 1 

00654 

0 53400 2 00041 

SUBLP LXA 

6A » 2 

00655 

0 56000 0 00600 


LDQ 

LEFT 

00656 

-0 63400 2 00667 


SXD 

TEST » 2 

00657 

1 00006 2 00660 


TXI 

CLEER *2*6 

00660 

-0 75400 0 OOOOOT 

CLEER PXD 

0* 0 


SELECT READER 
SAVE I. R. 


INDEX ADDRESS FOR OUTPUT 


CLEAR OUTPUT BLOCK 


SET UP 64 WORD MODEL IN UD BLOCK 


COPY ONE ROW OF THE CARD 

TAKE ROW 6 BITS AT A TIME 

AND (OR) THE APPROPRIATE DIGITS 

INTO THE OUTPUT BLOCK 


DPP10336 
DPP 10337 
DPP10338 
DPP 10339 
DPP 10340 
DPP 10341 
DPP 10342 
DPP 10343 
DPP 10344 
DPP 10345 
DPP 10346 
DPP 10347 
DPP 10348 
DPP10349 
DPP 10350 
DPP10351 
DPP 10352 
DPP 10353 
DPP 10354 
DPP 10355 
DPP 10356 
DPP10357 
DPP 10358 
DPP10359 
DPP 10360 
DPP 10361 
DPP 10362 
DPP10363 
DPP 10364 
DPP 10365 
DPP 10366 
DPP 10367 
DPP 10368 
DPP10369 
DPP 10370 
DPP 10371 
DPP10372 
DPP 10373 
DPP 10374 
DPP 10375 
DPP 10376 
DPP 10377 
DPP10378 
DPP 10 379 
DPP10380 
DPP 10381 
DPP 10382 
DPP10383 
DPP 10384 
DPP 10385 
DPP 10 386 
DPP10387 
DPP 10388 
DPP 10389 
DPP10390 
DPP 10391 


-0 76300 
0 73400 
-0 50000 
-0 32000 
-0 60200 
-2 00001 
3 OOOOO 

0 56000 
-0 63400 

0 02000 

1 00001 
-3 00003 
-3 00015 

0 60000 
0 60000 
0 60000 
0 07400 

0 07400 
2 00001 

1 77777 
-3 00014 

0 07400 
0 60200 

2 00001 

1 77777 
-3 00011 

0 07400 

0 07400 

2 00001 

1 77777 
-3 00010 

0 07400 

0 32000 

2 00001 

1 77777 
3 00007 
3 00006 

-3 00005 
0 07400 

0 07400 

2 00001 

1 00001 
-0 50000 

0 70000 
-0 50100 
-0 60000 
-0 60200 
-0 32000 

0 60200 
0 60200 
2 00001 

1 77777 
3 00004 

-0 50000 
0 60200 

2 00001 


0 00006 
1 OOOOO 

1 00577 
4 01066 

2 OOOOO 
2 00673 

2 00660D 
0 00601 

0 00667T 
0 00660 
2 00674 
4 00752 
4 00705 
2 00606 
2 00604 
2 00610 

1 01024 

1 01032 

2 00676 
4 00652 
4 00712 

1 01032 

2 00612 
2 00706 
4 00652 
4 00717 
1 01032 

1 01024 

2 00712 
4 00652 
4 00724 

1 01024 

2 00612 
2 00720 
4 00652 
4 00714 
4 00713 
4 00745 
1 01024 

1 01032 

2 00727 
2 00733 
2 00610 
2 00610 
2 00604 
2 00614 
2 00614 
2 00610 
2 00616 
2 00602 
2 00733 
4 00654 
4 00716 
2 00602 
2 00604 
2 00746 


LGL 6 
PAX 0»1 
CAL UD+63 • 1 
ANA NUMB + 14 *4 
ORS ( ) #2 
TNX T RATA » 2 # 1 
TXH CLEER » 2 t ( ) 
LDQ LEFT+1 
SXD TEST *0 
TRA CLEER 
TXI RCD4 » 2 » 1 
TXL LAST »4 * 3 
TXL 8R0W «4 1 13 
STZ BOOL+2 #2 
STZ CMN+2 » 2 
STZ 8AND+2 »2 
TSX OA # 1 
TSX 0A8 » 1 
T I X 9R0W *2*1 
TXI LOOP » 4 *-l 
TXL 7R0W *4 * 12 
TSX 0A8fl 
SLW ATE4+2 »2 
T IX RCD6 » 2 » 1 
TXI LOOP *4 »-l 
TXL 4R0W » 4 1 9 
TSX 0A8 » 1 
TSX OA » 1 
T I X 7R0W * 2 » 1 
TXI LOOP »4 » _ 1 
TXL 3R0W »4 1 8 
TSX OA ♦ 1 
ANS ATE4+2 » 2 
T I X RCD8 » 2 # 1 
TXI LOOP »4 » - 1 
TXH RCD9»4»7 
TXH RCD7 »4 »6 
TXL ZROW * 4 » 5 
TSX OA i 1 
TSX 0A8»1 
T I X RCD1 1 1 2 1 1 
TXI RCD10 1 2 # 1 
CAL 8AND+2 » 2 
CPY 8AND+2 »2 
ORA CMN+2 *2 
STQ COBL+2 • 2 
ORS COBL+2 »2 
ANA 8AND+2 # 2 
SLW ZAND+2 »2 
SLW LEFT+2 #2 
T I X RCD10 • 2 1 1 
TXI SUBLP*4»-1 
TXH RCD12 » 4 * 4 
CAL LEFT + 2 1 2 
SLW CMN+2 » 2 
T IX XROW » 2 1 1 


PROCESS RIGHT HALF OF ROW 


SET I R-2 e 2 
IS THIS THE 12 ROW 
IS THIS THE 9 ROW 
INITIALIZE ERASEABLE WORDS 


COPY ZERO ROW INTO BAND 
FORM (OR) SUM OF ALL NZ DIGITS 


FORM (OR) SUM OF ALL DIGITS INCL 


ZAND GETS ALL ZERO ZONES 
GO TO PUT IN Z0NE=3 


CMN GETS ALL 11 PUNCHES 


DPP 10392 
DPP 10393 
DPP 10394 
DPP 10395 
DPP 10396 
DPP 10397 
DPP 10398 
DPP10399 
DPP 10400 
DPP 1040 1 
DPP 10402 
DPP 10403 
DPP10404 
DPP10405 
DPP 10406 
DPP 10407 
DPP 10408 
DPP10409 
DPP 10410 
DPP 1041 1 
DPP 10412 
DPP 10413 
DPP 10414 
DPP 10415 
DPP 10416 
DPP 10417 
DPP 1041 8 
DPP 10419 
DPP 10420 
DPP 10421 
DPP 10422 
DPP 10423 
DPP 10424 
DPP 10 42 5 
DPP 10426 
DPP 10427 
DPP 10428 
DPP 10429 
DPP 10430 
DPP 10431 
DPP 10432 
DPP 10433 
DPP 10434 
DPP10435 
DPP10436 
DPP 10437 
ZERO DPP 10438 
DPP 1(3439 
DPP 10440 
DPP 1044 1 
DPP 10442 
DPP10443 
DPP 10444 
DPP 10445 
DPP10446 
DPP10447 


Ln 

o 


00751 1 

77777 

4 

00652 


TXI 

LOOP *4 *-l 



DPP10448 

00752 -3 

00002 

4 

00765 

LAST 

TXL 

BLAN»4»2 



DPP10449 

00753 -0 

50000 

2 

00602 

RCD13 

CAL 

LEFT +2*2 

CHECK FOR BOTH 11 AND 

12 PUNCHES 

DPP 10450 

00754 -0 

32000 

2 

00604 


ANA 

CMN+2 * 2 

IN THE SAME COLUMN 


DPP 1045 1 

00755 -0 

60200 

2 

00606 


ORS 

BOOL+2 *2 



DPP 10452 

00756 -0 

50000 

2 

00602 


CAL 

LEFT+2 >2 

CMN GETS ALL 11 OR 12 

PUNCHES 

DPP 10453 

00757 -0 

50100 

2 

00604 


ORA 

CMN+2 » 2 



DPP 10454 

00760 0 

60200 

2 

00604 


SLW 

CMN+2 *2 



DPP 10455 

00761 -0 

32000 

2 

00610 


ANA 

8AND+2 *2 

GET ALL PLUS OR MINUS 

ZEROS 

DPP 10456 

00762 0 

60200 

2 

00602 


SLW 

LEFT + 2*2 

AND GO TO PUT IN DIGIT OF 12 OCTAL 

DPP10457 

00763 2 

00001 

2 

00753 


T I X 

RCD13 * 2 ♦ 1 



DPP 10458 

00764 1 

77777 

4 

00654 


TXI 

SUBLP * 4 *-l 



DPP 10459 

00765 -3 

00001 

4 

00777 

BLAN 

TXL 

BOO *4* 1 



DPP10460 

00766 -0 

50000 

2 

00604 

RCD14 

CAL 

CMN+2* 2 

FIND ALL COLUMNS WHICH ARE 

DPP10461 

00767 -0 

50100 

2 

00614 


ORA 

COBL+2 » 2 

COMPLETELY BLANK 


DPP 10462 

00770 0 

76000 

0 

00006 


COM 




DPP 10463 

00771 0 

60200 

2 

00602 


SLW 

LEFT+2 #2 



DPP 10464 

00772 2 

00001 

2 

00766 


T I X 

RCD14 » 2*1 



DPP 10465 

00773 -0 

50100 

0 

00600 


ORA 

LEFT 

UNLESS THERE ARE NO BLANK COLUMNS* 

DPP 10466 

00774 0 

10000 

0 

00776 


TZE 

RCD15 

GO TO PUT IN ZONE=3 


DPP 10467 

00775 1 

77777 

4 

00654 


TXI 

SUBLP » 4 »— 1 



DPP10468 

00776 1 

77777 

4 

00777 

RCD15 

TXI 

BOO » 4 * “1 



DPP 10469 

00777 -0 

50000 

2 

00616 

BOO 

CAL 

ZAND+2.2 

CHECK FOR 8-4 PUNCHES 

WITH NO ZONE 

DPP 10470 

0 1 000 -o 

50100 

2 

00604 


ORA 

CMN+2 *2 

THESE ARE TREATED AS 

ILLEGAL 

DPP 1047 1 

01001 0 

76000 

0 

00006 


COM 




DPP 10472 

01002 -o 

32000 

2 

00612 


ANA 

ATE4+2 • 2 



DPP10473 

01003 -0 

50100 

2 

00606 


ORA 

BOOL+2 *2 



DPP 10474 

01004 0 

60200 

2 

00602 


SLW 

LEFT+2 *2 



DPP 10475 

01005 -0 

50000 

2 

00616 


CAL 

ZAND+2 * 2 

CHECK FOR ZERO ZONE AS WELL AS 

DPP 10476 

01006 -0 

32000 

2 

00604 


ANA 

CMN+2 • 2 

11 OR 12 ZONE IN THE 

SAME COLUMN 

DPP10477 

01007 -0 

60200 

2 

00602 


ORS 

LEFT+2»2 



DPP10478 

01010 2 

00001 

2 

00777 


T I X 

BOO* 2 » 1 



DPP 10479 

01011 -0 

50000 

0 

00600 


CAL 

LEFT 



DPP 10480 

01012 -0 

50100 

0 

00601 


ORA 

LEFT+1 



DPP 1048 1 

01013 -0 

53400 

4 

00423 


LXD 

XC*4 



DPP 10482 

01014 0 

10000 

0 

01016 


TZE 

RCD16 



DPP 10483 

01015 1 

77776 

4 

00146 


TXI 

END»4*-2 

ERROR RETURN 


DPP 10484 

01016 1 

77774 

4 

00146 

RCD16 

TXI 

END*4*-4 

NORMAL RETURN 


DPP10485 

01017 0 

53400 

4 

00004 

EOF 

LXA 

14A 1 4 

GIVE COPY TO SENSE END OF FILE 

DPP10486 

01020 0 

70000 

0 

00600 


CPY 

LEFT 



DPP 10487 

01021 0 

02000 

0 

00653 


TRA 

RCD3 



DPP10488 

01022 -0 

53400 

4 

00423 


LXD 

XC.4 

END OF FILE RETURN 


DPP10489 

01023 1 

77775 

4 

00146 


TXI 

END»4*-3 



DPP 10490 

01024 -0 

50000 

2 

00602 

OA 

CAL 

LEFT+2 *2 

(AND) ROW TO CMN AND 

(OR) 

DPP 10491 

01025 -0 

32000 

2 

00604 


ANA 

CMN+2 *2 

RESULT TO BOOL 


DPP 10492 

01026 -0 

60200 

2 

00606 


ORS 

BOOL+2 » 2 



DPP 10493 

01027 -0 

50000 

2 

00602 


CAL 

LEFT+2 *2 

(OR) ROW TO CMN 


DPP 10494 

01030 -0 

60200 

2 

00604 


ORS 

CMN+2 *2 



DPP 10495 

01031 0 

02000 

1 

00001 


TRA 

1*1 



DPP 10496 

01032 “0 

50000 

2 

00602 

OA8 

CAL 

LEFT+2 *2 

(AND) ROW TO BAND AND (OR) 

DPP 10497 

01033 -0 

32000 

2 

00610 


ANA 

8AND+2 *2 

RESULT TO BOOL 


DPP 10498 

01034 -0 

60200 

2 

00606 


ORS 

BOOL+2 *2 



DPP 10499 

01035 -0 

50000 

2 

00602 


CAL 

LEFT+2 *2 

(OR) ROW TO BAND 


DPP10500 

01036 -0 

60200 

2 

00610 


ORS 

8AND+2 *2 



DPP10501 

01037 0 

02000 

1 

00001 


TRA 

1*1 



DPP 10502 

01040 4000000777777 

MODEL 

OCT 

777777 



DPP 10503 


01041 

+000000777700 


OCT 777700 


01042 

+000000770077 


OCT 770077 


01043 

+000000770000 


OCT 770000 


01044 

+000000007777 


OCT 7777 


01045 

+000000007700 


OCT 7700 


01046 

+000000000077 


OCT 77 


01047 

+000000000000 


OCT 0 


01050 

111111111111 

NUMB 

BCD 1999999 


01051 

101010101010 


BCD 1888888 


01052 

070707070707 


BCD 1777777 


01053 

060606060606 


BCD 1666666 


01054 

050505050505 


BCD 1555555 


01055 

040404040404 


BCD 1444444 


01056 

030303030303 


BCD 1333333 


01057 

020202020202 


BCD 1222222 


01060 

010101010101 


BCD 1111111 


01061 

606060606060 


BCD 1 


01062 

404040404040 


BCD 1 


01063 

202020202020 


BCD 1++++++ 


01064 

+121212121212 


OCT 121212121212 


01065 

606060606060 


BCD 1 


01066 

-377777777777 


OCT 777777777777 



01067 


BSS 0 

PUNCH PRINT COMPONENT 




PUNCH BCD 


01067 

0 76600 0 00341 

WPU 

WPU 

SELECT PUNCH 


-0 63400 1 00421 


SXD XA*1 


01071 

-0 63400 2 00422 


SXD XB * 2 


01072 

-0 63400 4 00423 


SXD XC»4 


01073 

0 50000 4 00001 


CLA 1*4 


01074 

0 07400 2 00151 


TSX INDEX* 2 


01075 

0 60200 0 01077 


SLW PCH3 


01076 

0 07400 4 01133 


TSX DHC » 4 


01077 

0 00000 0 01077 

PCH3 

HTR PCH3 


01100 

-0 53400 4 00423 


LXD XC*4 


01101 

1 77776 4 00146 


TXI END.4»-2 





PRINT BCD 


01102 

0 76600 0 00361 

WPR 

WPR 



-0 63400 1 00421 


SXD XA * 1 


01104 

-0 63400 2 00422 


SXD XB *2 


01105 

-0 63400 4 00423 


SXD XC * 4 


01106 

-0 50000 4 00001 


CAL 1*4 


01107 

-0 73400 4 00000 


PDX 0,4 


OHIO 

0 07400 2 00151 


TSX INDEX * 2 


01111 

0 60200 0 01114 


SLW PRT2 


01112 

3 00014 4 01117 


TXH PRT3 i4 »12 


01113 

0 07400 4 01133 


TSX DHC *4 

GENERATE IMAGE 


0 00000 0 01114 

PRT2 

HTR PRT2 


01115 

-0 53400 4 00423 

PRT7 

LXD XC *4 


01116 

1 77776 4 00146 


TXI END»4,-2 


01117 

0 62100 0 01121 

PRT3 

STA PRT4 


01120 

0 07400 4 01133 


TSX DHC » 4 



DPP 10504 
DPP 10505 
DPP10506 
DPP 10507 
DPP10508 
DPP 10509 
DPP10510 
DPP 10511 
DPP10512 
DPP10513 
DPP10514 
DPP10515 
DPP 10516 
DPP 10 517 
DPP10518 
DPP10519 
DPP 1052 0 
DPP10521 
DPP 10522 
DPP10523 
DPP 10524 
DPP 10525 
DPP 10526 
DPP 10527 
DPP 10528 
DPP10529 
DPP 10530 
DPP 1053 1 
DPP 10532 
DPP 10533 
DPP10534 
DPP10535 
DPP 10536 
DPP 10537 
DPP 10538 
DPP10539 
DPP 10540 
DPP10541 
DPP 10542 
DPP 10543 
DPP 10 544 
DPP 10545 
DPP 10546 
DPP 10547 
DPP 10 548 
DPP10549 
DPP10550 
DPP10551 
DPP 10552 
DPP 10553 
DPP10554 
DPP 10 555 
DPP 10556 
DPP 10 55 7 
DPP 10558 
DPP10559 


U1 


ui 

OJ 


01121 

0 00014 0 00000 

PRT4 

HTR ( ) *0 » 12 


01122 

0 76600 0 00361 


WPR 

SELECT PRINTER* 

01123 

0 76000 0 00371 


SPR 9 

KILL SPACING FOR R.H . 

01124 -0 50000 0 01114 


CAL PRT2 

GET (A+12) *0* (W-12) 

01125 

0 36100 0 00042 


ACL 12A 


01126 

0 40200 0 00020 


SUB 12D 


01127 

0 60200 0 01131 

PRT 5 

SLW PRT6 


01130 

0 07400 4 01133 


TSX DHC *4 

PRINT RIGHT HALF 

01131 

0 00000 0 01131 

PRT 6 

HTR PRT6 

WITHOUT SPACING 

01132 

0 02000 0 01115 


TRA PRT7 





PUNCH-PRINT 

COPY SUBROUTINE 




DECIMAL TO 

HOLLERITH CONVERSION AND COPIES 


00524 

DH4 

SYN UD+20 



00525 

DH6 

SYN UD+21 



00526 

DH13 

SYN UD+22 



00527 

DH17 

SYN UD+23 


01133 -0 63400 4 00524 

DHC 

SXD DH4»4 

SAVE IR-4 

01134 

0 50000 4 00001 


CLA 1*4 

OBTAIN CALL SEQ 

01135 

0 40000 0 01201 


ADD DH5 

N+l 

01136 

0 62200 0 00525 


STD DH6 

SAVE N+l 

01137 

0 77100 0 00022 


ARS. 18 


01140 

0 40000 4 00001 


ADD 1*4 

A + N +1 

01141 

0 62100 0 01152 


STA DH7 

SAVE 

01142 

0 53400 1 01156 


LXA DH8»1 

SET I R— 1=64 =OCT 100 

01143 

0 53400 2 01161 

DH9 

LXA DHlO 1 2 

SET IR-2=17=3CT21 

01144 

0 60000 3 00621 

DH11 

STZ UD+8 1*3 

SET IMAGE BLOCK 

01145 

2 00001 2 01144 


T I X DHl 1 *2 » 1 

TO ZERO 

01146 

-0 50000 0 01226 


CAL DHl 2 

SET IMAGE BIT 

01147 

0 60200 0 00526 


SLW DHl 3 


01150 

0 53400 2 01203 


LXA DH14 * 2 

SET I R-2 = 6 

01151 

-0 53400 4 00525 

DH15 

LXD DH6»4 

SET I R-4=N+ 1 

01152 

0 56000 4 00000 

DH7 

LDQ 0*4 

OBTAIN PACKED BCD WORD 

01153 

-2 00001 4 01175 


TNX DH 16*4*1 


01154 

-0 63400 4 00525 


SXD DH6 *4 

SAVE I R-2 » 4 

01155 

-0 63400 2 00527 


SXD DH17»2 


01156 

-0 75400 0 00100T 

DH8 

PXD 64 

CLEAR AC 

01157 

-0 76300 0 00002 

DH18 

LGL 2 

GET ZONE BITS 

01160 

0 73400 2 00000 


PAX 0*2 

SET IR-2=Z0NE BITS 

01161 

-0 75400 0 00021T 

DH10 

PXD 17 

CLEAR AC 

01162 

-0 76300 0 00004 


LGL 4 

GET DIGIT BITS 

01163 

0 73400 4 00000 


PAX 0*4 

SET I R-4=D I G I T BITS 

01164 

-0 50000 0 00526 


CAL DHl 3 


01165 

-0 60200 3 00620 


ORS UD+80 » 3 

OR ZONE BIT TO IMAGE 

01166 

-0 60200 5 00614 


ORS UD+76 » 5 

OR DIGIT BIT TO IMAGE 

01167 

0 77100 0 00001 


ARS 1 

SHIFT IMAGE BIT 

01170 

0 60200 0 00526 


SLW DHl 3 


01171 

-0 32000 0 01227 


ANA DHl 9 

TEST FOR 6 CHAR 

01172 

-0 10000 0 01156 


TNZ DH8 


01173 

-0 53400 2 00527 


LXD DH17» 2 


01174 

2 00001 2 01151 


T IX DH15»2 * 1 

TEST FOR 36 CHAR 

01175 

0 53400 2 01157 

DH 16 

LXA DH18»2 

SET I R-2=2 

01176 

-0 50000 3 00602 

DH20 

CAL UD+66 » 3 

FILL IN 8-4 AND 

01177 

-0 60200 1 00604 


ORS UD+68 » 1 

8-3 BITS 


OPP 10560 
DPP10561 
DPP 10562 
DPP 10563 
DPP10564 
DPP10565 
DPP 10566 
DPP 10 567 
DPP 10 568 
DPP 10569 
DPP10570 
DPP10571 
DPP 10572 
DPP 10 573 
DPP 10574 
DPP 10575 
DPP 10576 
DPP 10577 
DPP 10578 
DPP10579 
DPP 1058 0 
DPP 10581 
DPP 10582 
DPP 10583 
DPP10584 
DPP10585 
DPP 10 586 
DPP 10 587 
DPP 10 588 
DPP 10589 
DPP 10590 
DPP 10 591 
DPP 10592 
DPP10593 
DPP10594 
DPP10595 
DPP 10596 
DPP 10 597 
DPP 10598 
DPP 10599 
DPP 10600 
DPP 1060 1 
DPP 10602 
DPP 10603 
DPP 10604 
DPP 10605 
DPP 10606 
DPP 10607 
DPP10608 
DPP 10609 
DPP 1061 0 
DPP 1061 1 
DPP10612 
DPP10613 
DPP10614 
DPP 10615 


01200 

-0 

60200 

3 

00612 


ORS 

UD+74 » 3 

01201 

2 

00001 

2 

01176 

DH5 

T IX 

DH2Q *2*1 

01202 

“0 

50000 

1 

00614 


CAL 

UD+76* 1 

01203 

0 

76000 

0 

00006 

DH14 

COM 


01204 

0 

32000 

1 

00615 


ANS 

UD+77.1 

01205 

-0 

50000 

1 

00614 


CAL 

UD+76 *1 

01206 

-0 

32000 

1 

00620 


ANA 

UD+80 * 1 

01207 

-0 

50100 

1 

00615 


ORA 

UD+77 » 1 

01210 

0 

60200 

1 

00614 


SLW 

UD+76 » 1 

01211 

-o 

50000 

1 

00616 


CAL 

UD+78 1 1 

01212 

0 

60200 

1 

00615 


SLW 

UD+77 *1 

01213 

-o 

50000 

1 

00617 


CAL 

UD+79 » 1 

01214 

0 

60200 

1 

00616 


SLW 

UD+78 *1 

01215 

-0 

50000 

1 

00602 


CAL 

UD+66 *1 

01216 

-o 

60200 

1 

00614 


ORS 

UD+76 *1 

01217 

2 

00040 

1 

01143 


T I X 

DH9 *1*32 

01220 

0 

53400 

1 

00042 


LXA 

12A.1 

01221 

0 

70000 

1 

00517 

DH2 1 

CPY 

UD+15 » 1 

01222 

0 

70000 

1 

00557 


CPY 

UD+4 7*1 

01223 

2 

00001 

1 

01221 


T I X 

DH2 1 *1*1 

01224 

-0 

53400 

4 

00524 


LXD 

DH4 * 4 

01225 

0 

02000 

4 

00002 


TRA 

2*4 

01226 

-o 

00000 

0 

00000 

DHl 2 

MZE 


01227 

-373737373737 

DHl 9 

OCT 

-373737373737 





01230 


BSS 

0 








READ BCD TAPE 

01230 

-0 

63400 

1 

00421 

RTD 

SXD 

XA * 1 

01231 

-o 

63400 

2 

00422 


SXD 

XB»2 

01232 

-o 

50000 

4 

00001 


CAL 

1*4 

01233 

0 

07400 

2 

00151 


TSX 

INDEX* 2 

01234 

0 

76000 

0 

00006 


COM 


01235 

0 

73400 

1 

00000 


PAX 

0*1 

01236 

0 

76000 

0 

00006 


COM 


01237 

0 

77100 

0 

00022 


ARS 

18 

01240 

-0 

50100 

0 

01306 


ORA 

0200A 

01241 

0 

62100 

0 

01242 


STA 

RDT1 

01242 

0 

76200 

0 

00200 

RDT1 

RTD 

( ) 

01243 

-0 

76000 

0 

00012 

RDT3 

RTT 


01244 

0 

76100 

0 

00000 


NOP 


01245 

0 

53400 

2 

00040 


LXA 

ZERO *2 

01246 

0 

70000 

1 

77777 


CPY 

-1*1 

01247 

1 

00001 

2 

01253 


TXI 

RDT 4*2*1 

01250 

1 

77775 

4 

00146 


TXI 

END.4.-3 

01251 

0 

76000 

0 

00000 

RDT7 

CLM 


01252 

1 

77776 

4 

00146 


TXI 

END*4»-2 

01253 

0 

70000 

1 

00000 

RDT 4 

CPY 

0.1 

01254 

1 

77777 

1 

01264 


TXI 

RDT 6 » 1 »-l 

01255 

0 

02000 

0 

01251 


TRA 

RDT7 

01256 

-o 

75400 

2 

00000 


PXD 

0*2 

01257 

0 

76600 

0 

00333 


IOD 


01260 

-o 

77300 

0 

00374 


RQL 

252 

01261 

-o 

76000 

0 

00012 


RTT 


01262 

1 

77776 

4 

00146 


TXI 

END»4»-2 


KILL ZERO ZONE BITS 

DPP10616 
DPP1Q617 
DPP 10618 

ON BLANK CHAR 

DPP 10619 

ELIMINATE ZERO DIGIT BITS 

DPP 10620 
DPP10621 

+ AND - CHAR 

DPP 10622 

TRANSFER ZERO ZONE 

DPP 10623 

BITS TO ZERO DIGIT R6 

DPP10624 

MOVE X Y ZONE BITS 

DPP10625 

INTO COPY POSITION 

DPP 10626 

OBTAIN ZERO BITS 

DPP 10627 
DPP 10628 
DPP 10629 

ON SIGNED ZEROS 

DPP 10630 

COPY 

DPP10631 
DPP 10632 
DPP 10633 

LOOP 

DPP 10634 

RESTORE IR-4 

DPP 10635 
DPP 10636 

RETURN 

DPP 10637 

READ WRITE BCD TAPE COMPONENT 

DPP 10638 
DPP10639 
DPP 10640 
DPP10641 

SAVE INDEX REGS. 

DPP 10642 
DPP10643 
DPP 10644 
DPP 10645 

OBTAIN CALL SEQ. 

DPP 10646 
DPP 10647 

INDEX ORIGIN 

DPP10648 

SET I R— 1«CQM I OR I G I N ) 

DPP 10649 
DPP10650 

BUILD TAPE ADDR 

DPP 1065 1 
DPP10652 
DPP10653 

SELECT TAPE 

DPP 10654 
DPP10655 

TURN OFF RTT 

DPP 10656 

CLEAR I R-2 

DPP 10657 
DPP10658 

FIRST COPY 

DPP10659 

STEP WORD COUNT 

DPP 10660 

EOF RETURN 

DPP10661 

FALSE EOR SKIP 

DPP 10662 

FALSE SKIP RETURN 

DPP 10663 

SUBSEQUENT COPIES 

DPP 10664 

STEP ADDR 

DPP10665 

FALSE EOF SKIP 

DPP 10666 

EOR, PLACE WORD COUNT IN AC 

DPP 10667 

1.0. DELAY 

DPP10668 

RTT DELAY 

DPP 10669 

ON* TAPE CHECK RETURN 

DPP 10670 
DPP 10671 



01263 1 77774 4 00146 


TXI 

END»4»-4 

OFF. NORMAL RETURN 

DPP10672 

01264 1 00001 2 01253 

RDT6 

TXI 

RDT4 » 2 » 1 

STEP WORD COUNT 

DPP 10673 
DPP10674 




WRITE BCD TAPE 


DPP 10675 






DPP10676 

01265 -0 63400 1 00421 

WTD 

SXD 

XA»1 

SAVE l.R. 

DPP 10677 

01266 -0 63400 2 00422 


SXD 

XB.2 


DPP 10678 

01267 -0 50000 4 OOOOi 


CAL 

1 #4 

OBTAIN W 

DPP 10679 

01270 0 73400 1 00000 


PAX 

Oil 

SET I R-1=W 

DPP 10680 

01271 -0 50000 4 00002 


CAL 

2 »4 

OBTAIN AND INDEX ORIGIN 

DPP 1068 1 

01272 0 07400 2 00151 


TSX 

INDEX. 2 


DPP 10682 

01273 0 62100 0 01301 


STA 

WDT1 

SET FIRST ADDR. 

DPP 10683 

01274 0 77100 0 00022 


ARS 

18 


DPP 10684 

01275 -0 50100 0 01306 


ORA 

0200A 


DPP10685 

01276 0 62100 0 01277 


STA 

WDT2 


DPP10686 

01277 0 76600 0 00200 

WDT 2 

WTD 

O 

SELECT TAPE 

DPP10687 

01300 -0 73400 2 00000 


PDX 

0.2 

CLEAR IR-2 

DPP 10688 

01301 0 70000 2 00000 

WDT1 

CPY 

0*2 

COPY 

DPP 10689 

01302 -2 00001 1 01304 


TNX 

WDT3.1 »1 

W 

DPP 10690 

01303 1 77777 2 01301 


TXI 

WDTl #2 »“1 

WORDS 

DPP 10691 

01304 0 76600 0 00333 

WDT3 

IOD 


DELAY USE OF MQ 

DPP 10692 

01305 1 77775 4 00146 


TXI 

END. 4,-3 

RETURN 

DPP 10693 

01306 +000000000200 

02 00 A 

OCT 

200 


DPP 10694 






DPP 10695 

01307 


BSS 

0 

READ WRITE BINARY TAPE COMPONENT 

DPP 10696 






DPP 10697 




READ BINARY TAPE 


DPP10698 






DPP 10699 

01307 -0 63400 2 00422 

RTB 

SXD 

XB.2 

SAVE IR-2 

DPP10700 

01310 0 07400 2 01421 


TSX 

RWBT S » 2 


DPP 10701 

01311 0 62100 0 01312 


STA 

RTB1 


DPP 10702 

01312 0 76200 0 00220 

RTB1 

RTB 

( ) 

SELECT TAPE 

DPP10703 

01313 0 60000 0 00424 


STZ 

T 1 

CLEAR CHECK SUM 

DPP10704 

01314 0 53400 2 01436 


LXA 

IS *2 

SET WORD COUNT=-l 

DPP 10705 

01315 -0 50000 4 77777 


CAL 

“1 »4 

GET FIRST C.W. 

DPP 10706 

01316 -0 73400 1 00000 


PDX 

0.1 

SET IR-1=W 

DPP 10707 

01317 0 77100 0 00022 


ARS 

18 


DPP 10708 

01320 0 36100 4 77777 


ACL 

-1.4 

(A+W) 

DPP10709 

01321 0 62100 0 01324 


STA 

RTB3 


DPP10710 

01322 0 62100 0 01341 


STA 

RTB4 


DPP10711 

01323 -0 50000 0 00424 


CAL 

T1 


DPP10712 

01324 -0 70000 1 00000 

RTB3 

CAD 

O »1 

FIRST COPY 

DPP10713 

01325 1 00001 2 01353 


TXI 

RTB6.2.1 

STEP WORD COUNT 

DPP 10714 

01326 0 02000 0 01332 


TRA 

RTB5 

EOF 

DPP10715 

01327 0 76000 0 00000 

RTB21 

CLM 


FALSE EOR SKIP 

DPP10716 

01330 -0 53400 4 00423 


LXD 

XC.4 


DPP10717 

01331 1 77776 4 00146 


TXI 

END. 4.-2 

FALSE SKIP RETURN 

DPP10718 

01332 -0 53400 4 00423 

RTB5 

LXD 

XC.4 

EOF RETURN 

DPP10719 

01333 1 77775 4 00146 


TXI 

END. 4.-3 


DPP10720 

01334 -0 73400 1 OOOOO 

RTB12 

PDX 

0,1 

SET I R— 1=W 

DPP 1072 1 

01335 0 77100 0 00022 


ARS 

18 


DPP10722 

01336 0 36100 4 77777 


ACL 

-1.4 

(A+W) 

DPP10723 

01337 0 62100 0 01341 


STA 

RTB4 


DPP 10724 

01340 -0 50000 0 00424 


CAL 

T1 


DPP10725 

01341 -0 70000 1 00000 

RTB4 

CAD 

( ) ,1 


DPP 10 726 

01342 1 00001 2 01353 


TXI 

RTB6.2.1 

STEP WORD COUNT 

DPP 10727 




01343 

01344 

01345 

01346 

01347 

01350 

01351 

01352 

01353 

01354 

01355 

01356 

01357 

01360 

01361 

01362 

01363 

01364 

01365 • 

01366 

01367 
01370 


01371 

01372 

01373 

01374 

01375 

01376 

01377 

01400 

01401 

01402 

01403 

01404 

01405 

01406 

01407 

01410 

01411 

01412 

01413 

01414 

01415 

01416 

01417 
01420 


01421 

01422 

01423 

01424 

01425 

01426 


02000 

76000 

76700 

53400 

10000 

00002 

75400 

77774 

00001 

60200 

50000 

12000 

77777 

50000 

70000 

02000 

02000 

02000 

70000 

02000 

02000 

00001 


0 

01327 


TRA 

RTB21 

0 

00006 

RTB15 

COM 


0 

OOOOi 


ALS 

1 

4 

00423 


LXD 

XC.4 

0 

01351 


TZE 

RTB9 

4 

01351 


TXI 

RTB9.4.2 

2 

OOOOO 

RTB9 

PXD 

0.2 

4 

00146 


TXI 

END. 4. -4 

1 

01341 

RTB6 

T IX 

RTB4.1.1 

0 

00424 


SLW 

T1 

4 

OOOOO 


CLA 

0,4 

0 

01360 


TMI 

RTB11 

4 

01334 


TXI 

RTB12.4.-1 

0 

00424 

RTB11 

CAL 

T1 

0 

00425 


CAD 

T 2 

0 

01365 


TRA 

RTB13 

0 

01327 


TRA 

RTB21 

0 

01344 


TRA 

RTB15 

0 

00425 

RTB13 

CAD 

T 2 

0 

01365 


TRA 

RTB13 

0 

01327 


TRA 

RTB21 

2 

01344 


TXI 

RTB15.2.1 


63400 
07400 
62100 
76600 
60000 
50000 
62100 
73400 
50000 
53400 
70000 
00001 
1 77777 
0 60200 
50000 
12000 
77777 
50000 
76000 
60200 
70000 
53400 
76600 


1 77776 


63400 

63400 

63400 

50000 

07400 

76000 


WRITE BINARY TAPE 


2 

00422 

WTB 

SXD 

XB.2 

2 

01421 


TSX 

RWBTS. 2 

0 

01374 


STA 

WBT1 

0 

00220 

WBT 1 

WTB 

( ) 

0 

00424 


STZ 

T 1 

4 

77777 

W8T5 

CAL 

-1.4 

0 

01403 


STA 

WBT2 

1 

OOOOO 


PDX 

0.1 

0 

00424 


CAL 

Tl 

2 

00040 


LXA 

ZERO, 2 

2 

OOOOO 

WBT 2 

CAD 

( ) ,2 

1 

01406 


TNX 

WBT3.1.1 

2 

01403 


TXI 

WBT2.2.-1 

0 

00424 

WBT3 

SLW 

Tl 

4 

OOOOO 


CLA 

0,4 

0 

01412 


TMI 

WBTB 

4 

01376 


TXI 

WBT5.4.-1 

0 

00424 

wbtb 

CAL 

Tl 

0 

00006 


COM 


0 

00425 


SLW 

T2 

0 

00425 


CPY 

T2 

4 

00423 


LXD 

XC.4 

0 

00333 


IOD 


4 

00146 


TXI 

END.4,-2 





READ-WRITE 

1 

00421 

RWBTS 

SXD 

XA.l 

2 

00425 


SXD 

T2»2 

4 

00423 


SXD 

XC.4 

4 

OOOOI 


CLA 

1.4 

2 

00151 


TSX 

INDEX. 2 

0 

00006 


COM 



RESTORE IR-4 
CHECK SUM TEST 
ERROR RETURN 
SET WORD COUNT 

TEST FOR W WORDS 

IS THIS LAST 
CONTROL WORD 
STEP C.W. TABLE 

FIRST DUMMY COPY 

FALSE EOF SKIP 
EOR 

SUBSEQUENT DUMMY COPIE 

FALSE EOF SKIP 
ADJUST WORD COUNT 


SAVE IR-2 
SET UP 

SELECT TAPE 
CLEAR CHECK SUM 
GET CONTROL WORD 
SET A 

SET I R-1=W 
GET CHECK SUM 
SET I R“2=0 
COPY 

TEST FOR W WORDS 
STEP COPY ADDR. 
SAVE CHECK SUM 
TEST SIGN FOR 
LAST CONTROL WORD 
STEP C.T. ADDR. 
COPY 

COMPLIMENTED 

CHECK 

SUM 

RESTORE 

DELAY USE OF MO 
RETURN 
! SUBROUTINE 

SAVE IR 


GET CALL SEQ. 
INDEX 


DPP10728 
DPP10729 
DPP10730 
DPP10731 
DPP 10732 
DPP 10733 
DPP 10734 
DPP10735 
DPP 10736 
DPP 10737 
DPP 10738 
DPP10739 
DPP10740 
DPP 10741 
DPP10742 
DPP 10743 
DPP 10744 
DPP10745 
DPP 10746 
DPP10747 
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DPP10749 
DPP10750 
DPP10751 
DPP10752 
DPP 10753 
DPP10754 
DPP10755 
DPP 10756 
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DPP 10758 
DPP 10 759 
DPP 10760 
DPP10761 
DPP 10762 
DPP 10763 
DPP 10764 
DPP 10765 
DPP 10766 
DPP 10767 
DPP 10 768 
DPP 10 769 
DPP10770 
DPP10771 
DPP10772 
DPP 10 773 
DPP10774 
DPP 10 775 
DPP 10776 
DPP 10777 
DPP10778 
DPP10779 
DPP10780 
DPP1078 1 
DPP10782 
DPP 10 783 



01427 

0 

73400 

4 

00000 


PAX 

0.4 

SET IR-4=C0M(C) 

DPP 10784 

01430 

0 

76000 

0 

00006 


COM 



DPP10785 

01431 

0 

77100 

0 

00022 


ARS 

18 

BUILD TAPE ADDR. 

DPP10786 

01432 

-0 

50100 

0 

01435 


ORA 

144A 


DPP10787 

01433 

-0 

53400 

2 

00425 


LXD 

T2.2 

EXIT 

DPP10788 

01434 

0 

02000 

2 

00001 


TRA 

1*2 


DPP10789 
DPP 10790 

01435 

0 

00000 

0 

00220 

144A 


144 


DPP10791 

01436 

0 

77777 

7 

77777 

IS 

HTR 

-1.7.-1 


DPP 10792 
DPP10793 





01437 


BSS 

0 

MOVE COMPONENT 

DPP10794 








MOVE 


DPP 10795 
DPP10796 

01437 

-0 

63400 

1 

00421 

MOV 

SXD 

XA»1 

SAVE I.R. 

DPP10797 

01440 

-0 

63400 

2 

00422 


SXD 

XB»2 


DPP10798 

01441 

-0 

50000 

4 

00002 


CAL 

2,4 

GET A 

DPP 10799 

01442 

0 

07400 

2 

00151 


TSX 

INDEX. 2 

INDEX A 

DPP 10800 

01443 

0 

36100 

4 

00001 


ACL 

1*4 

A+W 

DPP 10801 

01444 

0 

62100 

0 

01453 


STA 

M0V1 


DPP10802 

01445 

-0 

50000 

4 

00003 


CAL 

3,4 

GET B 

DPP10803 

01446 

0 

07400 

2 

00151 


TSX 

INDEX.2 

INDEX B 

DPP 10804 

01447 

0 

36100 

4 

00001 


ACL 

1,4 

B+W 

DPP 10805 

01450 

0 

62100 

0 

01454 


STA 

M0V2 


DPP10806 

01451 

-o 

50000 

4 

00001 


CAL 

1*4 

GET W 

DPP 10807 

01452 

0 

73400 

2 

00000 


PAX 

0,2 


DPP10808 

01453 

0 

56000 

2 

00000 

M0V1 

LDQ 

( ) *2 

MOVE 

DPP 10809 

01454 

-0 

60000 

2 

00000 

MOV 2 

STQ 

( ) *2 

LOOP 

DPP10810 

01455 

2 

00001 

2 

01453 


T I X 

MOV 1*2*1 


DPP 108 1 1 

01456 

1 

77774 

4 

00147 


TXI 

END+1 *4 »-4 

RETURN 

DPP10812 

DPP10813 





01457 


BSS 

0 

EXTRACT AND INSERT COMPONENT 

DPP10814 








EXTRACT AND INSERT 


DPP1Q815 

DPP10816 

01457 

-0 

63400 

1 

00421 

XIN 

SXD 

XA»1 

SAVE I.R. 

DPP1Q817 

01460 

-0 

63400 

2 

00422 


SXD 

XB»2 


DPP 108 18 

01461 

0 

50000 

4 

00001 

XIN2 

CLA 

1,4 


DPP10819 

01462 

0 

73400 

1 

ooooo 


PAX 

0,1 

SET I R- 1=N 

DPP 10820 

01463 

0 

50000 

4 

00002 


CLA 

2,4 

EXTRACT 

DPP 1082 1 

01464 

0 

07400 

2 

00220 


TSX 

XTR.2 


DPP10822 

01465 

0 

50000 

4 

00003 


CLA 

3,4 

INSERT 

DPP10823 

01466 

0 

07400 

2 

00257 


TSX 

INS*2 


DPP 10824 

01467 

0 

50000 

4 

00003 


CLA 

3,4 


DPP10825 

01470 

-o 

12000 

0 

01472 


TMI 

XIN1 

TEST FOR LAST EXTRACT-INSERT 

DPP 10826 

01471 

1 

77775 

4 

01461 


TXI 

XIN2.4.-3 

GET NEXT EXTRACT-INSERT 

DPP10827 

01472 

1 

77774 

4 

00146 

XIN1 

TXI 

END.4.-4 

RETURN 

DPP 10828 
DPP 10829 
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BSS 

0 

ALPHANUMERIC COMPARISON COMPONENT 

DPP10830 








BCD COMPARISON 


DPP10831 
DPP 10832 

01473 

-o 

63400 

1 

00421 

COM 

SXD 

XA » 1 

SAVE IR 

DPP 10 833 

01474 

-o 

63400 

2 

00422 


SXD 

XB»2 


DPP 10834 

01475 

0 

50000 

4 

00001 


CLA 

1,4 

GET N 

DPP10835 

01476 

0 

73400 

1 

OOOOO 


PAX 

0,1 

SET I R-1=N 

DPP10836 

01477 

-o 

50000 

4 

00003 


CAL 

3.4 

IF S=0* REPLACE 

DPP10837 

01500 

-0 

73400 

2 

OOOOO 


PDX 

0,2 

S BY 1 

DPP 10838 

01501 

3 

00000 

2 

01503D 


TXH 

C0M1.2 


DPP10839 


01502 

0 

36100 

0 

00016 

01503 

0 

60200 

0 

00425 

01504 

-o 

50000 

4 

00002 

01505 

-0 

73400 

2 

OOOOO 

01506 

3 

ooooo 

2 

01510D 

01507 

0 

36100 

0 

00016 

01510 

0 

60200 

0 

00424 

01511 

-0 

63400 

1 

00426 

01512 

-3 

00052 

1 

01514 

01513 

0 

53400 

1 

00032 

01514 

-0 

63400 

1 

00427 

01515 

0 

07400 

2 

00220 

01516 

0 

62100 

0 

01523 

01517 

0 

40000 

0 

00032 

01520 

0 

62100 

0 

01524 

01521 

0 

62100 

0 

01533 

01522 

0 

62100 

0 

01547 

01523 

0 

56000 

1 

OOOOO 

01524 

-o 

60000 

1 

OOOOO 

01525 

2 

00001 

1 

01523 

01526 

-0 

53400 

1 

00427 

01527 

-0 

50000 

0 

00425 

01530 

0 

07400 

2 

00220 

01531 

0 

62100 

0 

01534 

01532 

0 

62100 

0 

01555 

01533 

0 

50000 

1 

OOOOO 

01534 

0 

40200 

1 

ooooo 

01535 

-0 

10000 

0 

01547 

01536 

2 

00001 

1 

01533 

01537 

-0 

53400 

1 

00426 

01540 

“3 

00052 

1 

01565 

01541 

-o 

50000 

0 

00425 

01542 

0 

36100 

0 

00034 

01543 

0 

60200 

0 

00425 

01544 

-0 

50000 

0 

00424 

01545 

0 

36100 

0 

00034 

01546 

1 

77726 

1 

01510 

01547 

0 

50000 

1 

OOOOO 

01550 

0 

73400 

2 

OOOOO 

01551 

-o 

50000 

2 

00145 

01552 

0 

10000 

0 

01567 

01553 

-0 

32000 

0 

00021 

01554 

0 

60200 

0 

00430 

01555 

0 

50000 

1 

OOOOO 

01556 

0 

73400 

2 

OOOOO 

01557 

-0 

50000 

2 

00145 

01560 

0 

10000 

0 

01567 

01561 

-o 

32000 

0 

00021 

01562 

0 

40200 

0 

00430 

01563 

0 

12000 

0 

01566 

01564 

1 

77773 

4 

00146 

01565 

1 

77772 

4 

00146 

01566 

1 

77771 

4 

00146 

01567 

1 

77774 

4 

00146 


ACL ID 
C0M1 SLW T 2 
CAL 2*4 
PDX 0#2 
TXH COM2 #2 
ACL ID 
COM2 SLW T 1 

SXD T3*l 
TXL COM3 »1 *U/2 
LXA HUA.l 
COM3 SXD T4*l 
TSX XTR.2 
STA COMA 
ADD HUA 
STA COM5 
STA COM6 
STA COM 7 
COM4 LDO ()*1 
C0M5 STO ()»1 

T I X COM4 *1*1 
LXD T4.1 
CAL T 2 
TSX XTR » 2 
STA COM3 
STA C0M9 
C0M6 CLA ()*1 
COM3 SUB 0*1 
TN2 C0M7 
T I X C0M6 *1*1 
LXD T3»l 
TXL C0M1 1 » 1 »U/2 
CAL T2 
ACL HUD 
SLW T 2 
CAL T1 
ACL HUD 

TXI COM2 * 1 *-U/2 
C0M7 CLA (J*l 
PAX 0*2 

CAL BCD *2 
TZE C0M12 
ANA CXSO 
SLW T 5 

C0M9 CLA 0,1 
PAX 0*2 
CAL BCD»2 
TZE C0M12 
ANA CXSO 
SUB T5 
TPL COM 13 
TXI END»4*-5 
C0M11 TXI END»4*-6 
C0M13 TXI END.4.-7 
COM 12 TXI END. 4,-4 


SAME FOR R 


SAVE N 

IF N IS 6*T. U/2 * 
SET N=U/2 
SAVE N 

EXTRACT FIELD 1 
SET (UD+N) 

SET ( UD+U/2+N J 


MOVE FIELD 1 TO 
UPPER HALF OF JD 

EXTRACT FIELD 2 


SET (UD+N) 
COMPARE BCD 


PARTIAL FIELDS EQUAL 
IF N IS G.T. U/2. 

WE ARE NOT FINISHED 
FORM ( B » T »S+U/2 ) 

FORM <A*T»R+U/2) 

REDUCE N B U/2 
FIELDS UNEQUAL* 
COMPARE ORDER 
NUMBERS 
IS CHAR. LEGAL 


IS CHAR. LEGAL 
2-1 

1 G. T. 2 
EQUAL RETURN 
1 L. T. 2 
ERROR RETURN 
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DPP10878 
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DPP 1088 1 
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DPP10884 
DPP10885 
DPP 10886 
DPP 10887 
DPP10888 
DPP10889 
DPP 10890 
DPP 10891 
DPP 10892 
DPP 10893 
DPP 10894 
DPP 10895 


APPENDIX 


•tmiON(D(hOHf'ji'ijin>oi'coff-Ort(Mm'jin'Or'® 0 'Or-i<M(*i 4 inior-iiiO' 

CMCMfMCMCM<Mfncnmf>'iirifncc>«nmm.4«t*4'.^-4-^-»-4’"4'tfmminininmmmmin 

CMCMiMtMCMCMCMCMrMfMCMrMCMCMCMiMCMtMCMCMCMCMCMCMCMCMiMCMtMCMCMfMCMfMCMCM 

oooooooooooooooooooooooooooooooooooo 


Q.aaaaaaaaaaaaaaiiaaaQ.Q.aaa(La(iaQ.Q.ciaaaaa 

QOQQOQQOOQQOQOOCiQClOOOOClQClOOClOQQClClOOO 

353 :J 33 J 33333335 X 35333 S 33 J 3 iJSJ 33333 S 


I 


i 

! 


OCTAL - CORE STORAGE BCD 
For Use With DPP1 



O t— CDCDCECDCOCOCDCDCOCDCDCDcnCDCCCECEcncDCDCDCDCDlOCECDCDlU 


CD CQ CD 

CD < < < CJ CM 

< *— I — *— CO to 3 JCHNiCO 

i-uu^zzuucMMrir u j 


a u a i- 

s < u r « 

to 3 2 QC QC l/) O UJ li. 
aUQUlh«t-UUt-J 


• — i c o o o o o 

c. o o o cm o m 

o O O O mo -4 

OOOOOCMO CM 
OOOOCMOO o 

o c o o o o o 
o 

O r— l CM m O O O 

o o o o o o o 
o o c o o o o 

O O O O O O CM 

o o o o o o o 
o 

o o o o o o o 


^ooitim •!•} mo 
r^cMfMOOommm 
tjmmvO'O'Dmmm 
Nni(MNCM(\J^ 4-4 

ooooooooo 


r-o Httmjiroh 
ir<o<c>o>0'0'0'0'0 
mmmmmmmm m 

ooooooooo 


O H N Id 4 lh •£ h O 

mmmmmmmmo 

OOOOOOOOO 


I. 


! 


i 

I 


Zone 

Num.Nv 

No Zone 

Y 
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0 
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60 
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20 

+ 

40 

_ 

^XT" 

1 

01 

1 

21 

A( + l) 

41 

J(-l) 

61 

/ 

2 

02 

2 

22 

B(+2) 

42 

K(-2) 

62 

s 

3 

03 

3 

23 

C( + 3) 

43 
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63 

T 

4 

04 

4 

24 

D(+4) 

44 

M( -4) 

64 

u 

5 

05 

5 

25 
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45 
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65 

V 

6 

06 

6 

26 
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46 
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66 
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07 

7 

27 
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47 
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67 

X 

8 

10 

8 

30 
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50 
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70 

Y 

9 

11 

9 

31 
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51 
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71 
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Eighth, and Last, Plenary Assembly of the C.C.I.T., Geneva, 1956 

r j q_ C61 .3 : 621 .394 


Lf . 0 C. C61 -3 : 621 . ->94 

Introduction 

r :y~\ : . r.u-rnatumal Telegraph Consultative Committee 

heid its Eighth, and last. Plenary Assembly 
• . ‘i LVeeraber, 1956. The meeting of the 
ras preceded by meetings of all the 
.i prepare final reports on their work for 
\Uirs-%— ;■ s .• cite Plenary Assembly. The meeting of the 
iCn:' ■".ary Assembly of the C.C.I.T. was immediately 
»,;.;:ow=Ni bv the First Plenary Assembly of the new Inter- 
: ' nattenoi Telegraph and Telephone Consultative Committee 
JLC.I-T. T.:, which combines the functions of the old 
.•separate committees for telegraphy and telephony. 

Since the seventh Plenary Assembly of the C.C.I.T., held 
tU Arr.hem in May, 1953, 1 the work of the C.C.I.T. has 
fcr-n :.-.rr-. i n through the medium of the Study Groups 
*r! Plenary Assembly. Each of these Study 

Cf . s . at least once during the intervening period 
• St* sridv the SP-odd questions remitted to them by the 
•PVr uv Assembly. 

Technical Discussion 

la general the work of the technical Study Groups of the 
C.C.I.T. has been concerned with problems associated with 
5l« expanding use of switched telegraph services in the 
international held and the integration of wire- and radio- 
<t!cgr..p;. ; v. rvices. Broadly, the problems fall into three 
: <sr,trg.'ri .^mission, telegraph apparatus, and switching 


: ti 


methods of improving the performance of amplitude- 
modulated voice-frequency telegraph systems have been 
studied as well as factors affecting the introduction of 
frequency-shift-modulated voice-frequencv telegraph sys- 
tems. While experience must yet be acquired in the use of 
sv stems of the latter type in the international service before 
fuil standardization can be achieved, it has been recognized 
that there are potential advantages to be gained from their 
use, and agreement has been reached on those standards 
necessary to enable Administrations to proceed to their 
introduction by mutual agreement. Other questions coming 
under review included the use of start-stop regenerate! 
repeaters, transmission conditions in national telex net- 
works m relation to the international service, and improve- 
ment of fault location and maintenance arrangements and 
of the facilities for the speedy withdrawal of faffity drcmts 
and equipment from service. y urcmts 

In the field of telegraph apparatus there has been some 
urther standardization of detail, and standards have been 
agreed in relation to the use of 7-unit error-correcting systems 
on the radio part of combined wire- and radio-teleprinter 
communications. The question has been studied of more 
accurately determining the transmission performance of 
telegraph apparatus installed at subscribers’ premises bv 
means of measurements carried out at the telex exchan 

Among the new questions set for study is one related to a " 
possible need for icuiea to a 


in the 

view to 


or transmission, work has been done with a 
.mproving and extending the technique and 

relating to telparaoti trine two ii-d'oTi 


^ ioi siuuy is one related tn a . 

possible need for extending the facilities offered by the / 

present 5-umt telegraph alphabet, perhaps by the fntro- I 
duction, under agreed conditions, of a 6-unit code. — ' 

n telegraph switching the most important problems 
under study were those related to the introduction “f 
subscriber-to-subscriber dialling in the international telex 
service. Despite the fact that two somewhat differed 
systems of signalling, with individual variants, have come 
lt ° u j. e , °ne normally (although not necessarily) associated 
with dial selection, and the other' normally associated with 
teleprinter keyboard selection-a large measure of sUn- 
dardization has been agreed upon as well as a basis on 
which the different system; can co-operate. This should 
a low the process of providing full subscriber-to-subscriber 
dialling in the international telex service to proceed with- 
out undue technical difficulty. Further standardization is 

thiT Ind d p lrable and tbe stud y is being continued to 
this end. Recommendations have also been issued in 
connexion with numbering schemes, standardization of 
dial pulses, and the utilization, in switched telegraph 
services, of circuits including radio links employing S- 
correctmg systems. New questions for studv include the 
means of barring certain classes of international communi- 
cation in automatically-switched networks, methods of 

A ly f m tt rtmg re & enerative repeaters, and signalling 
standards for the proposed European switching network for 
the general public telegraph service. 

A special mixed exploitation and technical Study Group 
was set up at Arnhem to consider the problem of establishing 
a switched network for the general public telegraph service 
m .Europe. The problem was complicated by the fact that 
some countries were already operating a combined switched 
network for their telex and national general telegraph 
services, while others had separate switched networks for 
the two services. In addition, some countries envisaged 
the connexion of the national switched networks to the 
international general telegraph switched network while 
others envisaged connexions to the international network 
only by means of specialized exchanges. The setting up of 
a network incorporating all these possibilities has therefore 
had to be catered for. A number of important recom- , 


VZ . • 'V 8 cAicimmg me tecnmque and 

dramt unis relating to telegraph transmission so as to take 
turtUT account of the requirements for the measurement 
function and specification of telegraph distortion and 
’ransmission performance on tandem-connected 
^ f CnP 1 ne S - TheSe re q uire ments arise mainly from 
- 6 P atest P° ssible accuracy in the difficult 
‘ : 'l ondlt > ons imposed by the international telex 
Cl 5 . v vl ' . ’ J . neec * take accoun t °f the different trans- 

n'*h* -i-i- affecting radio circuits as compared 

iims r^;/ lrC a Ult l' £* a . P art of the attack on the 
include -la-rep™ 6 "’ the definl , tl0ns have been extended to 
■ 5 S Hrit " fo concerned with error rates, the probability 
and the Z° n 1 ? rc mt exceeding an assigned value, 
4morrion f 511:1 mutilation as distinct from signal 

Various 1 ' fac°rr^ mS tac , bled bave been the analysis of the 

matibtions aririn! n I nbU t tln5 t0 the distort ion and signal 
the rJ-T T , & f n international telegraph circuits, and 
the sv-rf u-Vr'.-'r 1 ^^iru^surmg, _ observing and specifying 
iVand Of +• , tbe individual telegraph channels 

C&anr.vi trunk circuits carrying the multi- 

tus. of <;our=r P h h p SyStftI ? s - T hls ! atter aspect of the work 
CC.I.F. oVnf undertaken in co-operation with the 
^deration is + e I j n ° re important points under con- 
Wegraph channels 'T hlCh the P erf °rmance of the 

fading either tn <= bem g degraded by transitory effects 
(nqur^ry .j." udden changes in the level, phase or 
. jccarrwPe of hilh iT^d si g nals or to the transitory 
sus ty..... ... A 1 , s "revel noise. A strong recommendation 
pr,'ic;fro' * ^ mi nistrations should actively pursue 

piffu.T;. t0 reduce these disturbances, which 

. Wait jo- - u accuracy of transmission possible on 

So far as -' h / r ’ ltched tel egraph services. 
a pirt frorn r 6 e i= ra Pb channels themselves are concerned, 
"TAT— ^ — question o f improved testing techniques, 

^ ' ' J " Voi : 1953. " ‘ 


V ^ JaJv'' 


L/d 1 <T 0 

O^r^h I 
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mendations have been issued covering the principles upon 
which the the proposed network should be established and 
operated and these are sufficient to enable a start to be 
made with the building up of an international service. 
As a result, the work of the mixed Study Group has been 
considered as terminated, outstanding problems being left 
for study by the appropriate exploitation or technical 
Study Group. On the technical side, the more important 
problems outstanding are the standardization of the 
signalling conditions and agreement as to the technical 
means to be adopted to prevent telex subscribers obtaining 
access to telegraph offices in another country. 

In the field of facsimile and photo-telegraphy a revision 
was undertaken of the existing recommendations to bring 
them up to date and, in particular, to take account ot the 
possible use of frequency modulation as an alternative 
to amplitude modulation. Means of increasing the speed 
of photo-telegraph transmission on modern carrier telephone 
circuits have also been considered, but further experience 
is necessary. The question of the facsimile transmission ot 
weather charts was also studied and a report on the subject 
prepared for transmission to the World Meteorological 
Organization. An important recommendation was issued 
defining the direction of scanning for all direct recording 
facsimile systems. New questions set for study f® 

such subjects as the possible use of asymmetric sideband 


operation on metallic telephone circuits for increasing , 
speed of facsimile transmission, methods of recording . 
facsimile signals with a view to their re-transmission, and 
the possible introduction of a new international service for- : ' 
the facsimile transmission between subscribers of business 
documents. f • ',££• 


Conclusion ‘ **23 

The Plenary Assembly of the C.C.I.T. was immediately, 
followed by the First Plenary Assembly of the new Inter-, 
national Telegraph and Telephone Consultative Committe 
(C.C.I.T.T.), at which the Study Group organization for th 
new Committee was determined. From the telegraph poin 
of view the main changes were that, as part of a plan t 
reduce the number of Study Groups, the facsimile an 
photo-telegraph group was amalgamated with the telegraf 
apparatus group, and the whole of the Study Groti 
dealing with exploitation and tariffs for telegraphs we. 
combined as one Sub Study Group of a main Study Grou 
charged with the co-ordination of all exploitation andean 
questions. To improve the co-ordination of transmissic 
problems a sub-group of the main Study Group for li- 
transmission was established to deal with questions relat 
to the use of international lines for telegraphy. 

E. H 



The XVIIIth, and Final, Plenary Assembly of the C.C.I.F., 

Geneva, December, 1956 


U.D.C. 061.3:621.395 

Introduction 

T HE International Telephone Consultative Com- 
mittee (C.C.I.F.) held its XVIIIth, and final, 
Plenary Assembly at Geneva in December, 1956. 
The Plenary Assembly was preceded by meetings of all 
the Study Groups of the C.C.I.F., and a brief account is 
given in these notes of the work of the Study Groups since 
the XVIIth Plenary Assembly 1 at Geneva in October, 1954. 
After the XVIIIth Plenary Assembly of the C.C.I.F., the 
First Plenary Assembly was held of the new Committee 
that now combines the functions of the old C.C.I.F. and 
C.C.I.T. — the International Telegraph and Telephone 
Consultative Committee (C.C.I.T.T.). 

In addition to the winding-up of the C.C.I.F., the 
closing stages of the X\ Illth Plenary Assembly was the 
occasion for a formal farewell to M. Georges Valensi, 
Director of the C.C.I.F., who was retiring from Inter- 
national Telecommunication Union activities. 

First Study Group — Protection from Interference 
Caused by Power Lines 

This Study Group pursued the study of 24 questions. 
Its work was primarily concerned with the co-existence of 
power transmission and distribution systems, including 
electrified railways, and telecommunication lines. Current 
developments in 'the transmission of electric power by very 
high voltage a.c. and d.c. systems, including long undersea 
links, and the increasing use of 50-c/s a.c. for railway trac- 
tion, are typical matters that engaged the attention of this 
group. Another question considered was the risk to which 
underground telecommunication lines are exposed when 
high earth potentials, due to power system faults, occur in 
their vicinity. This question is of particular interest when 

1 P . O . E . E . J ., Vol. 47, p. 239, Jan. 19.15. 
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telecommunication circuits are taken into power stati 
or high-voltage switching stations. -tf 

A further matter considered was the elimination of no 
in telecommunication circuits in cables when the shea' 
of the cables are connected to power cables, water or j 
pipes, pipe lines or electrified railways to effect a comnr 
cathodic protection scheme. ■ Jhz 

In addition to the above, a sub-committee of the gro 
had been revising the current “Directives concerning * 
protection of telecommunication lines against the adv 
effects of electric power lines.” Three meetings of . 
sub-committee had been held since 1955. The work wuT 
carried to completion by the appropriate study group? 
the new organization. * 

Other work in hand was the revision of the curt 
Volume II of the C.C.I.F. Green Book, setting outd 
recommendations for the protection of telecommunicate 
lines and the constitution of telephone cable sheaths. TJ 
work was being carried out in co-operation with Stu 
Group 2. 


Second Study Group— Protection Against Corrosi| 

The program of this Study Group covered a rang6,i 
19 questions. Of these, that dealing with the impregnatw 
of wooden poles seems to have given rise to considerate 
interest. It has been suggested that it would be usehffi* 
publish a summary of information on this subject. in’M 
task will be undertaken by a working party of the 
C.C.I.T.T. study group concerned. 

Consideration was also given to the problems of ?a 
with entirely plastic sheaths; cables having the concl ’ 1< ^j 
insulated with paper and plastic materials were dealt W? 
separately. A further subject under study was the pro?!® 
of protecting underground cables against lightning. 





The Work of the Internati 
Telecommunication Union in t! 

of Telephony 


meeting in 1875 Egypt was present under 
its own identity and Japan and the 
United States sent observers. By 1S82 
all areas of the world were represented, 
with the United States still in the role 
of observer. 

Meanwhile the telephone had been 
invented in 1876, and by 1885 several 
international lines were in existence in 
Europe. At the Berlin (Germany) Tele- 
graph Conference of 1885, the first steps 
were taken in the regulation of inter- 
national telephone traffic. 

By 1924, and especially in the period 
following the close of World War I, 
telephony had made great progress and 
was expanding at an increasing rate. 
In that year, in recognition of the need 
for an organization which would afford 
means for having meetings at which 
experts of various countries could con- 
sider the technical and operating prob- 
lems of the European telephone system 
there was created the International Con- 
sultative Committee for Long Distance 
Telephony. In the 1925 Paris Con- 
ference of the International Telegraph 
Union, the Telephone Consultative Com- 
mittee was brought into the Union as a 
semi-independent body. At the same 
meeting a similar Consultative committee 
for telegraph communications was estab- 
lished. 

With the development of radio as a 
practical means of communication around 
the end of the 19th century, international 
co-operative action was initiated in the 
Berlin Conference of 1903 to work out 
problems to assure unhindered inter- 
national radio communication. At that 
time safety of life at sea was a prime 
consideration. Nine countries, including 
the United States, attended. In a second 
Berlin Conference in 1906, an Inter- 
national Radiotelegraph Convention and 
Associated Radio Regulations were 
adopted by 29 countries. 

The International Radiotelegraph Con- 
ference at Washington, D. C., in 1927, 
established the International Consulta- 
tive Committee for Radio Communica- 
tions, with similar aims as those already 
established for telegraphy and telephony. 

As radio grew its political and economic 
effects became so great that no nation 
could afford to ignore them ; by 1932 the 
International Radiotelegraph Union 
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«p\y ENGINEERS in North America 
r rre familiar with the work of the 
■"■crr.rtional Telecommunication Union 
, ;:e even aware of its existence. This 
v<r discusses the Union; its organiza- 
j- how it functions, and what it is 
ij-j in the field of telephony. It also 
rts m assessment of the value of this 
rrk snd an appraisal of its significance 
-j 5 -he communication developments in 
priced States and Canada. 

It is trite to say these days that the 
rod is becoming smaller. Certainly 
mmunications are helping make it 
p a the ease by which the expression 
'i thought may be transmitted without 
h: rum between nations and con- 
sul:::, and by the medium this provides 
> the achievement of ready under- 
<cdc:j. As it affects the engineer, 
•ter. ?uch a medium becomes available 
9 -7 men, he has to be aware of the 
-Ur.ee of his thinking and his progress 
.* relieving his objectives on his own 
•r.-rert. cn his co-ordinates in other 
their influence on him. The 
rfcrr.ition;. Consultative Committee 
<r:t:--; c .escribed here provide an 
^ir-ent essential to this realization 
~ * -riversai basis. 

t especially opportune to review 
r -eid of activity now, since, on 
"■“v' 1957, the Consultative Com- 

' -vs on Telegraphy and Telephony 
- reorganized into a new single com- 
covering both fields. 


even earlier in central Europe; the first 
agreement on record, drawn by Prussia 
and Austria in the latter part of 1849, 
tied together the telegraph networks of 
those two countries. Within a few 
months similar bilateral agreements were 
made between Prussia and Saxony, and 
between Austria and Bavaria. All of 
these agreements classified and regulated 
telegraph traffic between the contract- 
ing governments. It is of interest that 
originally they were established to meet 
military and other governmental needs, 
and provided for public messages only 
to the extent and during the periods that 
facilities might be available. 

The next logical step came within a 
year when these four states entered into 
the Austro-German Telegraph Union 
covering the mutual interchange of 
traffic. By the end of 1854 this group 
grew to include the Netherlands and four 
additional German states. 

Meanwhile in western Europe, France 
concluded similar bilateral agreements 
with its neighbors Belgium, Switzerland, 
Sardinia, and Spain. These five states 
soon saw the advantages of a joint agree- 
ment and in 1855 created the Western 
European Telegraph Union. 

It was probably inevitable that rela- 
tions would be established between 
members of these two groups. Thus it 
was in 1852 that a third grouping de- 
veloped when Prussia, Belgium, and 
France signed a Convention* regulating 
their mutual correspondence. By 1861 
this group attracted as adherents 11 
additional states. 

The next big move was initiated by 
France in 1864 when all the major coun- 
tries of Europe were invited to Paris. 
Twenty states responded. Out of this 
came the International Telegraph Union 
whose Convention was signed in 1865. 

This union enjoyed an ever-widening 
sphere of influence. Asia Minor was 
included in 1863, Persia and India in 
1S68, Great Britain in 1S72. At a 
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• r -Cer:iational Telecommunication 
14 " ; s the existing symbol of inter- 
*4* "v* co "°P era tion to provide a favor- 
»i«-*~.'. ate 5or development of the 
v..'J' Qe communication network as 
today. It is a comparatively 
having been established at 
*■ %" “Pain- in 1932. Its ancestors 
U.Jjy'ach further, the International 
V v,)' 4 ‘ 5 - n *°n dating from 1865 and 
,^ at *°nal Radiotelegraph Union 


Paper 57-785, recommended by the AIEE Wire 
Communications Systems Committee and approved 
by the AIEE Technical Operations Department 
for presentation at the AIEE Summer General 
Meeting, Montreal, Que., Canada, June 24—28, 
1957. Manuscript submitted March 27, 1957; 
made available for printing April 30, 1957. 

W. E. Bloecker is with the American Telephone 
and Telegraph Company, New York, N. Y., and 
G. A. Caldwell is with the Bell Telephone Com- 
pany of Canada, Ltd., Montreal, Que., Canada. 


* “Convention" as used here, and in international 
affairs generally, means a multiparty treaty to 
which governments are signatory. 
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The organization must also'® 
enough to adapt itself to the 
this rapidly changing world 
communications is siieti o ' -S’ 


country and group of territories in the 
world, which meet certain general quali- 
fications set down in the Convention. 

Members are entitled to participate 
in conferences of the Union and are 
eligible to any permanent organ of the 
Union. Each member, large or small, 
has one vote in conferences and meetings. 


communications is such a vitalitaS 
must be accomplished by a lAy 
with broad powers to act in th* . 
between Plenipotentiary Conftur 

The present organization of 
may be thought of as coninfi^ 
broad fields of endeavor. 
is administrative, to assure ty 
purposes for which the Union •* 
lished are fruitfully being canw 
the other is technical, t» VJrt 
studies and the interchange 
relating to the engineering an/1 ft — 

of communication systems. 

The organization of the gf 
shown in Fig. 1. It consist^/ 
following. . 


welding of world- wide communications 
under a single body. At Madrid in 
1032, the 13th International Telegraph 
Conference and the fourth International 
Radiotelegraph Conference met simul- 
taneously". A liaison was achieved for 
consideration of common questions; by 
joint meetings of the two Plenary Assem- 
blies and by Joint Conference Commit- 
tees . The most important achievement of 
the Madrid conference was the creation of 
a single Convention, containing the gen- 
eral principles common to the telegraph, 
telephone, and radio services. Thus was 
created the International Telecommuni- 
cation Union. 


Purposes of the Union 

The purposes of the Union are spelled 
out in the Convention and are quoted 
here in full: 

1. The purposes of the Union are: 

(a) to maintain and extend international 
co-operation for the improvement and 
rational use of telecommunication of 
all kinds; 

( b ) to promote the development of 
technical facilities and their most 
efficient operation with a view to 
improving the efficiency of tele- 
communication services, increasing 
their usefulness and making them, 
so far as possible, generally available 
to the public; 

(c) to harmonize the actions of nations 
in the attainment of those common 
ends. 

2. To this end, the Union shall in 
particular: 

(a) effect allocation of the radio-frequency 
spectrum and registration of radio- 
frequency assignments in order to 
avoid harmful interference between 
radio stations of different countries; 

(b) foster collaboration among its Mem- 
bers and Associate Members with a 
view to the establishment of rates at 
levels as low as possible consistent 
with an efficient service and taking 
into account the necessity for main- 
taining independent financial ad- 
ministration of telecommunication 
on a sound basis; 

(c) promote the adoption of measures 
for ensuring the safety of life through 
the co-operation of telecommunication 
service; 

(d) undertake studies, formulate recom- 
mendations and collect and publish 
information on telecommunication 
matters for the benefit of all Members 
and Associate Members. 


The International 

Telecommunication Union 


Plenipotentiary Conference '$ - 

This is an international owl 
governments at the diplomatic ta 
is the supreme organ of the Ur| 
provides general direction, 
the budget and salary scafcsL 
members of the Administratw4 
revises the Convention as ncg 
and makes agreements with oC 
temational organizations. It'.ij 
meets at 5-year intervals but the t) 
be changed with the consent ofij 
20 members. (Its next meetuaj 
tentatively scheduled for 1959, 1 
interval of 7 years.) v »yi 


Administrative Conference t ? 

This, too, is an international, 
at government level, normally o 
at the same time and place as th 
potentiary Conference. Its primi 
tion is to revise the Regulations' 
to the Convention. Provision i 
for calling extraordinary fflrf 
administrative conferences withp 
agenda. .;<• 

Administrative Council .'iv.1 

This body is composed of 18 1 
elected by the Plenipotentiary 
ence. It may be considered as* 
analogous to a board of direcOTl 
ing annually, its job is 
work of the Union proceeds 
within the boundaries of the Co 
and the Regulations. It also 
power to conclude provisional <8 
with other international bodies^ 
ratification at the following _ 
tiary Conference. jj 

ilH 

General Secretariat 

The duties of this organ art. 1 
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‘ title- It may be likened to the 
.ritiess office and general service depart- 
; ats of large companies. 

national Frequency Registration Board 

’•his provides an internationally recog- 
,.,i record of radio-frequencv assign- 
made by the different countries, 
lather with the date, purpose, and tech- 
| ...j character of each assignment. It 
.fishes member countries advice with 
. to tne operation of the maximum 
r -’.:caRie number of radio channels in 
portions of the spectrum where 
; jfBjul interference may occur. 

. '^national Consultative Committee 

tie technical and operational features 
I .(.yaununication services are the fields of 
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and Companies ; j 
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•Formed by Merger of C.C I F and C C.l I 
Effective January I. 1957 


illowmg PMOq 

•v. | ;£„•*< 
org.-arefcsg, 

; 2**^ 


. oJv and recommendations of the Inter- 
, scbnal Consultative Committees. These 
. ,oc5 form the focal point of interest in 
;; *c paper since their work is almost ex- 
itiively technical and professional. 

I Tie Buenos Aires Convention of 1952 
J-etinued the three Consultative Com- 
. | s n.»es: Telegraph, CCIT (Comite Con- 
International Telegraphique) ; 
7 reptone, CCIF (Comite Consultatif 
;-T "-rmiFional Telephonique) ; Radio, 
..'ll (Comite Consultatif International 

■Q p Radiocommunications). 

| -“ e question of combining the tele- 

j telephone activities under a 

t consultative committee had long 

j « debated. Following World War II, 
||j tion for this move increased, and 
,/y, te 1952 Convention provided for the 
merger of CCIF and CCIT. 

‘1 ^raally, in 1955, the members of the 
■Ji votid by telegraph ballot to merge 
, * activities of CCIF and CCIT into a 
Trf*' “temational Telegraph and Tele- 

P Consultative Committee to be 
as CCITT (from the French 
ent of its name). This merger 
ecfive as of January 1, 1957. 

. 1 ersb ‘P in the Consultative Com- 

f avaiIabIe as a matter of right 
SlL ers of tbe Union as prescribed 
® nv «ition. 

discussion so far, it is evident 
J 1 crship in the Union is reserved 

• ; 'JlW? rWnentS of soverei g n states and 
. ^ territories. There are, however, 

Kmi of the world, with well over 
6 Wor id s telephones, in which 
P ; *s«d^L IOn °* te I e phone services is con- 
. , r 0l * y or i Q P art by private enter- 
t \ a P ut) lic corporation rather than 
•fcfi-'ki ' Partnieat °f the government. 

^t are the United States, 
^ ex i co ' Cuba, Chile, Spain, 
if* ^ n . or der to make it possible 


Fig. 1. Organization of International Telecommunication Union 
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or ganizations to participate in 


the work of the Union for the good of 
all, provision is made for their respective 
governments to certify these private 
communication companies to member- 
ship in the Consultative Committees. 
These are known as Recognized Private 
Operating Agencies, and enjoy the full 
rights of membership, including, in the 
absence of any representative of their 
government, the right to vote. By 
invitation of the International Telephone 
Consultative Committee and with the 
concurrence of the State Department, 
the American Telephone and Telegraph 
Company has been a member of CCIF 
since 1929. In 1954 the Government of 
Canada accredited the Telephone Asso- 
ciation of Canada (representing over 
90% of the telephone development in 
the Dominion) as a Recognized Private 
Operating Agency to be a member of 
this Consultative Committee. 

In many areas of the world the major 
portion of research and development of 
new systems and apparatus is carried out 
in the laboratories associated with equip- 
ment manufacturers. They obviously 
have much to contribute to the work of 
the Consultative Committees. In order 
to take advantage of this knowledge, 
representatives of manufacturers ac- 
credited by their governments, are 
granted membership as experts in the 
study groups charged with a wide variety 
of technical problems. They may par- 
ticipate under their own company’s 
identity or as experts attached to the 
delegations of member administrations. 

In either capacity they make valuable 
contributions to the solution of problems 
which lead to the ultimate recommenda- 
tions of the Study Group. However, 
since the Consultative Committees func- 
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tion in the interest of the operating com- 
munication services, both government 
and private; the manufacturers do not 
attend Plenary Meetings nor do they 
have the right to vote. 

Finances op the Union 

Expenses of the Union which currently 
run in the order of about $U/ 2 million 
annually, are classified as ordinary and 
extraordinary. The former covers ex- 
penses of the Administrative Council, 
of the General Secretariat, of the Inter- 
national Frequency Registration Board, 
and of the Consultative Committees. 
They are borne by Members and Asso- 
ciate Members. 

The extraordinary expenses are defined 
as all expenses pertaining to Pleni- 
potentiary Conferences, Administrative 
Conferences, and meetings of the Inter- 
national Consultative Committees. 
These expenses are borne by participat- 
ing governments, Recognized Private 
Operating Agencies, and scientific and 
industrial organizations which have 
agreed to participate in these conferences 
and meetings or which have actually 
participated. 

Apportionment of the expenses of 
participants in the work of the Con- 
sultative Committee is decided on the 
basis of the classification chosen by the 
participant. These range from, a 30-unit 
classification to one of 1/2 unit. The 
expense allocated to a particular member 
is determined by the ratio of the number 
of units in the class the participant has 
chosen to the number of units represented 
by the total participants. 

The estimated total extraordinary 
expenditure of the CCITT based on 
Study Group activities for each of 1957 
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%. . , )J5 j is about §50,000 to $60,000 and 
,1,9, the year of the next Plenary 
about $100,000. The total 
units represented at the 1956 
^ Assembly was 501 */j. Assuming 
I W ‘ jjjytelv the same level in 1959, 

* . r ;ei'.ses of a participant in the 
1 c : ;i ss would be about 36,000 and 
I • 9-uni: class about $100. 

f national Telegraph and 
i telephone Consultative 

- 5j£nmittee 

.1 j,tii this background on the Union 
f .ug Technical Consultative Commit- 
■xe can now turn to the central 
iL— of the paper, the field of telephony. 
* t ;r over 30 years studies of technical 
3^ operating questions relating to 
;#I^ational telephone service have been 
0 co-ordinated by the International 
^Boitative Committee for Telephony, 
^ CCIF. In the future its destiny 
tg rest with CCITT, the newly created 
jjpursational Consultative Committee 
,* Telegraphy and Telephony. 

’ is December 1956 there were held at 
Iptva, Switzerland, the VUIth and final 
fteuy Assembly of the CCIT, the 
'3111th and final Plenary Assembly of 
«CCIF, and the first Plenary Assembly 
|»’6e CCITT. For the CCIF and CCIT 
I** Plenary Assemblies concluded their 
|n;ective affairs, and proposed a pro- 
ggrfor the future work of the new 
pSTT. For this new body, there were 
fek tasks of organization, the election of 
pire ctor, and the establishment of a 
of work and future meetings. 

•sasizAiiov 
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NovESfkT* •* 4 

fr . ft? . 


j&ty Assembly 

J** Plenary Assembly is the supreme 
of the Consultative Com- 
F** 3 - -Among its duties are the 
of a Director, the establishment 
^■Sady Groups and Substudy Groups 
t, '- on its work, the approval of a 
^Program, the approval of recom- 
fions of the technical Study 
^•k-, and the financial requirements 
^- oc suitative Committee, 
provision of the Convention, the 
L'a'' -^ 3s embly is normally held at 
pF wtervals. 


-eai work of the Consultative 
u ^ e is accomplished in Study 
i ’ 01 ' v bich there is one for each of 
Lt* areas telephone and tele- 
ij^^?ineering and operations. In the 
m ore complex areas, the work 
^ among Substudy Groups. 
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1 The first CCITT Plenary Assembly 
r established its Study Groups and Sub- 
1 study Groups and assigned to each its 
> tasks. This organization is shown in 
' Fig- 2, which includes also the names 
, and nationalities of the respective Presi- 
: dents and Vice-Presidents who were 

1 appointed by the Plenary Assembly. 
This arrangement is very similar to that 
which existed under the CCIF and 
CCIT for 25 years or more, with con- 
solidations in areas of mutual interest. 

The Study Groups and Substudy 
Groups are permanent bodies of the 
Consultative Committee. They work 
through correspondence and meetings. 
Generally speaking, they range in size 
from about 20 to 30 members, with 
attendance at meetings of delegates 
and experts ranging from 30 or so to well 
over 100. The larger groups would 
obviously labor under extreme difficulties 
in trying to resolve complex questions, 
such as the design parameters of a coaxial 
cable system. To handle such problems, 
Working Groups composed of a small 
number of well-qualified experts are 
created. These, set up for specific limited 
tasks, are temporary, and are disbanded 
when they have reported their findings 
back to the Study Group or Substudy 
Group which had created them. 

Language 

By the provisions of the Convention 
the official languages of the Union are 
English, French, Spanish, Russian, and 
Chinese. In the smaller Study Groups 
or Working Party meetings, agreement is 
usually obtained to conduct the work in 
French and English with consecutive 
translation. While this might appear 
cumbersome, it actually works quite well 
due in larger measure to the competence of 
the interpreters and their knowledge of 
the technical terminology of telephony. 

For the 1956 Plenary Assembly at 
Geneva and the larger study groups 
meeting immediately preceding it, simul- 
taneous translation facilities were made 
available. In these meetings the pro- 
ceedings were conducted by agreement 
in English, French, Spanish, and Russian. 
This did not seem to cause any particular 
difficulty for the Chinese delegates who 
were well versed in English. 

The Director 

The Director elected by the Plenary 
Assembly co-ordinates the work of the 
Consultative Committee, including its 
Plenary Assembly and Study Groups, 
and is responsible for the documents of 
the committee. 

He is assisted by the Secretariat. He 


participates in an advisory capacity in 
meetings of the Plenary Assembly and 
of the Study Groups; submits to the 
Plenary Assembly a report on the 
activities of the Consultative Committee 
since the previous meeting; and also 
submits for approval a report on the 
financial needs of the committee up to 
the next following Plenary Assembly. 

The post of Director of the new CCITT 
had to be filled by election at its First 
Plenary Assembly. The election for the 
post was strongly contested by five . 
active candidates. Georges Valensi, who 
held the post in the CCIF since its 
inception in 1924, was prevented from 
being a candidate because of the com- 
pulsory retirement provisions for em- 
ployees of the Union. 

The light in which he is regarded was 
expressed at the final Plenary Assembly 
of the CCIF by the chief delegate of 
Italy, Mr. Gneme, and by the delegate 
of the United Kingdom, Mr. Barron. 
Extracts from their remarks are cited 
here because they serve to evaluate the 
importance of the Director’s role as well 
as the highly deserved tribute they pay 
to Mr. Valensi. Mr. Gneme said in 
part; 

As regards Mr. Valensi’s decisive contribu- 
tion to the development of the international 
telephone network, I would recall that the 
Committee and its Laboratory, once set 
up, speedily produced fruitful results. In 
1924, it was hardly possible to put a call 
through from one country to the next, . . . 
by 1938, all the European countries were 
linked by high-quality lines, 

After this initial period of creative activity, 
the problsm arose of setting up new inter- 
national lines with a higher transmission 
speed than the old coil-loaded cables. 
Thanks to the use of carrier systems, a 
great saving was effected in raw materials 
at the same time as quality was improved. 
The second modern long-distance line net- 
work has been set up in the light of the 
investigations undertaken by the CCIF, 
and the recommendations it has issued, 
during the last few years. The public 
has been made to benefit by technical 
inventions as soon as they got past the 
laboratory stage. 


Mr. Barron said in part: 

Mr. Valensi has the exceptional ability 
of being able to carry out all his duties, 
both great and small, with the same 
abounding energy and impressive efficiency. 
The CCIF owes much of its success to this 
fact, because clearly the successful direction 
of such a body with its many complications 
and its wide technical span, must make 
heavy demands on its director, and the 
CCIF can count itself outstandingly for- 
tunate in having had the services, over 
such a long and vital period, of a man who 
is at once an engineer, and administrator, 
and a politician (in the best sense). A man 
who can converse freely and fluently in a 
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0 f languages, and who couples 
eificiency those vital qualities in 
J S relationships of humor, under- 
mystery, and humanity. 

, e position of Director is thus re- 
' r . property as a key position in the 
international communications. 
.Action finally went on the fourth 
. -o lean R. Rouviere of France. He 
-ed as Director General of Telecom- 
... [inns for France to asstune his new 


A typical program is that studied by 
CCIF in the period 1954-56. It con- 
sisted of the following: 


Number of 
Questions 


Subject 


Transmission lines and systems 

Transmission performance of telephone 

sets and local networks, etc. 

Switching and signaling 

Electrical protection and corrosion 

Traffic operations and rates 

Integration of wire and radio systems. . 

Maintenance of lines and systems 

Definitions, vocabulary, symbols 


; .patents and Vice-Presidents of Study 

groups and Substudy Groups 

- :xX , too, are positions of considerable 
’ ,t~ tE ce. The appointments in the new 
’"CITT were made from European 
ministrations and the United Kingdom 
eii one exception: a delegate of Pakistan 
\ ti} appointed Vice-President of the 
jjjjv Group for the general plan for the 
1 i^opment of the international network 
i -iurope, the Mediterranean Basin, and 
; kcta Asia. 

This situation reflects the long history 
s emphasis primarily on the problems 
^ the European network. In recent 
?»rs, however, the deliberations of the 
Ssiy Groups are becoming increasingly 
•{ iporld-wide significance. In the future, 
Sett ore, it can be expected that out- 
fitting engineers from other areas of 
'it world will find their way into the 
Stas of President and Vice-President of 
Sit Study Groups. 

it is the job of the Presidents to direct 
S* efforts of the Study Groups to the 
fchtion of the problems presented to 
tira. Considerable flexibility is needed 

* reconciling conflicting points of views, 
■t-aenced perhaps at times by existing 
*tSpment situations, or established 
Seating procedures. A knowledge of 

conditions is evidently of great 
* 5 * se t0 the Presidents. Some facility 
■i npression in both French and English 

* *-=o helpful for these positions, but is 

essential. 


Obviously, complete agreement on a 
program as comprehensive as this is 
not possible. It frequently happens that 
questions are continued from one period 
to the next, with the same or new wording 
depending on current developments in the 
particular field. 

Normally the questions for study are 
forwarded to the members of the Study 
Groups soon after the Plenary Assembly 
which authorized them. Many questions 
bracket the areas of interest of two or 
more Study Groups and are jointly 
studied. Any responses or contributions 
which the members can make are due ap- 
proximately a year in advance of the next 
Plenary Assembly. There is thus a period 
of about 2 years in which to study the 
questions and propose solutions. It is to 
be expected that because of the variations 
in interest of the communication prob- 
lems under study, and of limitations in 
manpower, all members will not respond 
to all questions; in fact, no one member 
ever has. 

During this same period, a Working 
Party assigned specific tasks will have 
had exchanges of correspondence, and 
probably one or two meetings to prepare 
a report on its activities. 

Some months, or even as much as a 
year, preceding the Plenary Assembly, 
the Study Groups may meet to consider 
all the responses received, together with 
the reports of any Working Parties they 
had created. Out of these meetings come 
draft recommendations, and decisions 
as to whether questions have been com- 
pleted or should be continued. Normally 
as many as half the questions are of a 
fundamental nature or deal with a rapidly 
developing aspect of telephony, and may 
be continued in study over a long period 
of years. For such, interim recom- 
mendations, which have been based on 
the current state of the art, are drafted. 

Additional meetings of Study Groups, 
primarily to review and edit the draft 
recommendations, are held immediately 
prior to the Plenary Assembly. The 
final stamp of approval of recommenda- 


~!qds and Procedures 

3 / member of the Consultative 
-Tuttee can elect to participate in 
"Ork of any of the Study Groups 
=kould, of course, do so where it 
■‘t the country’s interests will be 
ky such participation, or where it 
• J -aKe significant contributions. 
e .fork of the Study Groups consists 
-••sideration of questions which are 
• JV e interest and significance to the 
developments of the members 
|jtives. Authority to consider these 
■' 0us 's given principally by the 
ar y Assembly. ‘ 


Novels?* 

A j V V&B 
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tions is made by the Plenary Assembly, 
which also makes provision for their 
publication. 

The approved recommendations aspire 
to be a common acceptable basis for 
establishing international circuits or for 
engineering internal networks which are 
interconnected with such circuits. These 
recommendations are not mandatory 
and do not carry the force of regulations. 
They do stand as a guide and objective 
for all to follow as the state of the art 
and economics permit. In fact, the 
soundness of these recommendations and 
their adaptability to various situations 
tend to make it unnecessary to establish 
rigid regulations in these matters. 

For example, the CCITT 1956 Plenary 
Assembly inherited from CCIF, and con- 
tinued in study, a question relating to the 
design practices and objectives used by its 
members for their national trunk and ex- 
change networks. The presence of this 
question on the agenda reflects recogni- 
tion of the fact that as continuing im- 
provements are made in international 
circuits, the limiting factor on the over-all 
grade of service becomes in an increasing 
degree the performance of the national 
facilities involved in completing the call. 
Generally, it might be expected that 
national networks providing a modem 
grade of service based on forward-looking 
engineering, are automatically adequate 
for completion of international calls. Un- 
fortunately, for a variety of reasons, and 
some very good ones at that, this is not 
universally true. The responses to this 
question will be of great value in pointing 
up the need for common objectives on a 
world-wide basis. 

Achievements 

It would be impractical to list com- 
pletely the accomplishments of the 
International Telephone Consultative 
Committee during its lifetime.* As a 
matter of fact, the recommendations 
resulting from its work, useful in current 
operations, fill six. volumes totalling some 
1,500 pages. These are supplemented 
by voluminous annexes which contain 
documentation in support of the recom- 
mendations. It will be useful, however, 
to outline the broad areas of activity to 
indicate the wide scope of its activities. 

Since the Committee’s primary concern 
is good international telephone service 
(fast, easy to use, dependable, and at 
reasonable cost), one of its early accom- 
plishments was the establishment of 

* The first Plenary Assembly of the CCITT 
adopted a recommendation by the CCIF to 
organize a task force to prepare, in French and 
English, a complete history of the CCIF as a 
publication of the Union. 
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transmission design objective* to” 
national circuits. This 
agreements on the design jS, 
for transmission systems of alltv^i^ 
rier and radio. This is a matter!#* — 
mount importance, when it j. 
that an international call in 
no farther than one from Boston .1 *, ''**■ 
to Washington, D. C., or 
Ottawa, in Canada, may be 
by carrier systems where the 
of the terminals will be divided' 
two nations, the terminals ' ' -Tia.il' 
may have been actually supplied We* 
different manufacturers, and the tk-mZl 
may have been routed over the J*** jv 
still a third country. 

Concurrently with the es tablets*^* 
of design objectives, agreement 
be reached on methods of meflMtaMis 
to assure that the objectives * nt % Vfr tt 
met. This, in itself, has '‘onraS|F^ ! 
tually every aspect of electriaiNlMk- 
munication measurements. . ■Wk)? 

Dependability of service rests aot irfji 
on proper design, but is equally depecd** 
on the skill and thoroughness 
the facilities are maintained andftf^c?^ 
Activity in this field has produdnJj|i!h« 
ment on maintenance methods, rottflin 
for establishing, and periodic testss* 
circuits, etc. • V ymk. 

As already discussed, no matttr.te* 
well designed and maintained tfast.jjdut* 
national network may be, the fESfteif 
service will be determined to SutfSKjt 
important degree by the ill Jl ill l| rt*Pf, 
of the telephone instruments it .ffe 
subscriber’s premises, and of .tie, pe- 
necting facilities of the national? i» : 
works. The telephone sets of th*'**- 
supplied by a great number of 
facturers, have probably 1516 SC 
divergence in their essential trahSSpjW 
characteristics. A great deal rf-Wsj 
has been expended in trying to 
a common basis of comparison ^ 
would permit a generally. . •***§ 
measure of the quality of perfo® 
of the individual sets. It caMW* 
said at this time that this ma*l« __ 
been completely resolved. . 

Many of the nations of - EufO^t 
made extensive progress in open* ® v 
direct distance dialing within 
borders. This inevitably ba® . ^ 
studies for the extension of dial ** 1 !!* 
by operators and by the 
direct on international calls. . 
another problem of great ?J 

because it means the integra ^^^ 
dialing and signaling systems <*”"*£* 
for the national networks, | ^ 

international network. As x'lttX 
expected of any progressive . aa .^ f . 


Network of high-speed telephone lines in South Asia and the Middle East and 
interconnection with the Mediterranean Basin 


Bloecker, Caldwell— The Work of the ITU in the Field of Telephony 






uro P«, goi> 
ston, 


e owaeni ; - 
led bet*ee~ 

H : 

plie 


•* W 


■ 'nkifl? organization, many plans were 
%re(3. After some years of study two 
" seemed to offer the best possibilities. 
f jj grange for supervision and dialing 


filiation 


to be transmitted in the 


:.. e band: one uses two Irequencies 
accomplish this, the other uses one. 
.-, e se were given extensive service trials 
, v0 areas of the European continent 
" 1 some final recommendations re- 
”<-ding both have now been established. 

’ ’a order to demonstrate what has been 
jjcomplished in international dialing, 
^pyimental arrangements were set up 
0 ^at delegates at the meetings in 
"<aeva in December 1956 could dial 
tjjcdy from telephones at the con- 
gee building into the networks of 
Brussels, Belgium; Germany; London, . 
Ragland; Milan, Italy; the Netherlands; 
-iris, France; and Stockholm, Sweden. 

The accomplishments so far discussed 
i-t purely technical. Building on this 
*ork, the Committee has also produced 
j fundamental switching plan for inter- 
national service. Initially this was 
sunned to the continent of Europe and 
he United Kingdom. As the second 
step, the plan was extended to include 
he countries bordering on the Mediter- 
ranean Sea, and the third step was to 
cake tentative plans for extensions to 
he Middle East and South Asia. Fig. 3 
scows the network of high-velocity 
facilities (in service and proposed) in 
Europe and the Mediterranean Basin, 
and Fig. 4 the projected main arteries 
So the Middle East and South Asia. 

The operation of such networks, of 
surse, involves agreement on operating 
procedures, priority of calls, methods of 
Idling, and apportionment of revenues, 

: -is last a difficult problem in connection 
*rth alternate routing through third 
1 countries. 

The Consultative Committee has also 
rrncemed itself with requirements for 
program circuits used in connection with 
■‘diobroadcasting; the special con- 
*derations when voice-frequency tele- 
Paph circuits are operated on telephone- 
Vl* channels; the interconnection of 
"—bile radio systems with the wire net- 
i_ 'ork; and the very special types of 
--"•"’oleins associated with the long inter- 
I ^finental circuits, which now span 
’ '*■* * v en seas. 

P Committee has given a great deal 
| Mention t° problems of external 
I jV? rterenc e and considerations of safety. 

| Ty bas resulted in setting specific 
’ ,j ec hves together with recommended 
| in dealing with problems of 

t .'Terence and hazards to communica- 
l ' a systems. The Committee’s recom- 


mendations, based upon the pool of 
general experience, have been construc- 
tive. 

Impressive as the accomplishments of 
this Consultative Committee are, it still 
has a formidable program ahead of it. To 
mention a few of its problems there are a 
rating system for the transmission per- 
formance of telephone sets; the transmis- 
sion requirements for facilities used for 
television transmission ; the contemplated 
extension of the standard European 6- 
megacycle coaxial system to 12 mega- 
cycles; the integration of radio systems, 
and particularly microwave, into the 
telephone network; and a reconsidera- 
tion of the transmission design and main- 
tenance of international circuits in the 
European network in view of the wide- 
spread availability of high-velocity facili- 
ties. (It has appeared to forward- 
looking European engineers a bit in- 
congruous that a New York-Copenhagen 
trunk via the new transatlantic cable, 
about 5,000 statute miles, is operated at 
6 decibels, whereas a 290-mile London- 
Paris call at present is operated at 7 
decibels.) 

Publications 

It was mentioned earlier that the 
recommendations of the Telephone Con- 
sultative Committee have been published 
in a series of six books supplemented 
by other volumes containing related 
documentation furnished by the member 
organizations. In addition, there are 
special volumes covering the general 
switching plan, semi- and full automatic 
operation of the European network, 
directives on corrosion and protection, 
operators’ instructions, maintenance 
phrases, definitions, and vocabulary. 
These volumes are more than bare 
recommendations. They include ex- 
tensive background material, affording a 
better appreciation of the factors leading 
to the recommendations. This has 
proved to be of particular value to those 
countries whose communication systems 
are in the early stages of development. 

Technical Assistance to 
Underdeveloped Countries 

The Consultative Committees have 
made significant contributions to the 
United Nations expanded program for 
technical assistance to underdeveloped 
areas. The publications of the Tele- 
phone Consultative Committee have 
been an important part of this activity. 
Going beyond this, however, the Com- 
mittee, through its acquaintanceship 
with engineers all over the world, and 


3Er 1957 
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its knowledge of their particular quali- 
fications, has been able to suggest candi- 
dates to the United Nations for specific 
missions to countries desiring aid. It 
has also been in a position, through its 
work, to make comments on the sound- 
ness of plans proposed by some of these 
countries, and has suggested modifica- 
tions which might result in a more 
effective use of each country’s resources. 
In another field, it has been able to give 
advice in connection with locating stu- 
dents receiving fellowship grants in 
specific areas. The Plenary Assembly 
in Geneva in 1956 reaffirmed this pro- 
gram of aid, and in addition concurred 
in the creation of a joint CCITT-CCIR 
(Radio) Working Party to examine 
further what additional contribution 
could be made by the Consultative Com- 
mittees to the Technical Assistance 
Program. 

In the discussions directed towards 
the Consultative Committees’ efforts in 
the technical assistance program there 
seemed to be a strong feeling of concern 
on the part of the underdeveloped 
countries with programs for expanding 
their telecommunications, lest they be 
misguided into the purchase of systems 
which would not be compatible with other 
internal or external systems. The desire 
of such countries to obtain access to 
universal communications by facilities 
in keeping with the recommendations 
of the Consultative Committee was 
evident. The Plenary Assembly, by 
formal declaration, urged the under- 
developed countries to avail themselves 
of the full advantages of active member- 
ship of the Consultative Committee 
and its Study Groups. 

Some Considerations of Significance 

To the engineer it is evident that one 
of the principal achievements of the 
Consultative Committee lies in the 
awareness of a common objective which 
it has succeeded in creating against a 
background of diverse national, political, 
and traditional points of view. 

Regarding communications in its world- 
wide aspect, it may naturally be asked 
why solutions which have been proved 
in application in North America do not 
always find ready and complete accept- 
ance in Europe and vice versa. This, 
of course, points up the fact that sound 
engineering is not a technical matter 
alone, but must inevitably weigh also 
questions of investment, operating costs, 
climatic conditions, manufacturing, avail- 
ability of manpower, money situations, 
political factors, and others. There is 
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the basic need to make available uni- 
versally the fundamental concepts and 
techniques of improved communications 
which may be applied by any nation in 
the light of its own national circum- 
stances. The Consultative Committee 
provides the medium and the knowledge 
for such a constructive approach. 

It is of interest, and probably of value, 
to remark that communication develop- 
ments, such as the concept of carrier 
over both physical and radio channels, 
have inevitably resulted in a changing 
point of view, from one of restricted use 
of international media, both by regula- 
tion and by cost of service, to one of 
abundance producing readier access 

and lower costs. In this regard it may The relations between the United 

be observed that, from the authors’ point States and Canada in the field of tele- 

of view, the Telephone Regulations for the phony are such that there has developed 
European region (Paris revision 1949) an- a mutual understanding, and a working 
nexed to the International Telecommuni- together towards common objectives in 

cation Convention, are in many respects telephone service quality. Major tele- 

already outmoded in such features as phone operating organizations of Canada 
classification of calls and priorities of ac- and the United States interchange in- 
ceptance of business offered to the inter- formation and experience freely, and 

national network. This is particularly improvements are used as soon as prac- 

true m view of present-day concepts of ticable after they appear. In light of 

direct distance dialing. this situation and of the relatively small 

This brings out an apparent difference part intercontinental traffic has so far 

in attitude on such matters as regulations played in the over-all operations, to- 

which could affect the day-to-day opera- gether with the highly special character 

tions of a communication network. On of facilities to handle it, there has not 

the North American continent such been an urgency for establishing a close 

regulations, which can be changed only working liaison with the methods and 

by action at the diplomatic level, are designs of European systems. As a 

considered undesirable by the engineer result, the Recognized Private Operating 

because of the restrictions they may Agencies of the United States and 

well place on taking prompt advantage Canada have not considered it appro- 

of advances in the art resulting from priate to take a position on decisions 

unproved understanding and research. relating strictly to the European region. 

On the European continent, however, it They have, however, taken a very active 

would appear that regulation between part in the deliberations on truly world- 

nations is accepted as a means to ensure wide questions. 

adherence to standards in design or This is not to imply a passive role, 
operation which have been debated to the A member since 1929, the Ameri can 

point of common acceptance. In the Telephone and Telegraph Company, 

operation of the communication networks by virtue of its scope and diversity of 

of North America, such a position appears operations, and its technical advances, 

inflexible and forbidding. Further, on has been in a position to contribute 

this continent, the operating agencies importantly to all phases of CCIF work, 

themselves have the responsibility for The Telephone Association of Canada, 

determining detailed practices which while a comparative newcomer, is already 

they will follow within the scope of making its influence felt. On the other 

broad governmental regulation. hand, both organizations are deriving 

These considerations, together with benefit from their activity in the inter- 

the fact that the Regulations are sub- national body, not the least of which is 


scribed to by the countries concerned 
at the diplomatic level, and call for their 
imposition by their governments, makes 
adoption of them in North America 
all the more unacceptable. Conse- 
quently, many countries, including the 
United States and Canada, in the Final 
Protocol to the 1952 Convention, took 
official formal exception to the imposition 
of Telephone Regulations as an obligatory 
matter. 


the mutual respect of 
sides of the Atlantic. ' 
But new conditions ate 
picture. Although intercon 
telephone service has been 
u P s urge in 


30 years, the 
followed the placing' 
transatlantic cable, has taa&. 
that a new era in 

telephony has been born, -ltfc 

necessary that the objective* 
mission design, and in oper«i 
terns of telephony, be nude e on 
the degree that the advantage*, 
these intercontinental tiroife* 
utilized in the interest of £ 
munications. This can be Aj, 
world-wide recognition of the k 
of good objectives in the dea 
national networks which 
practicable to interconnect. ’, 3 
American continent is. than 
being drawn into deeper partie 
broader areas of the Consult*! 
mittee’s work to the end of mj 
versal recognition of objec&M 
the necessity of constant pi* 
meet them both in Europe aa 
continent. jgfl 

In this paper, attention .1 
directed to the field of inti 
telephony. There are equally 
ing and impressive stories to b 
of the work of the Internatio 
sultative Committees for Tefcgj 
for Radio Communication*. 
not be amiss to point out that id 
International Consultative Ooi 
in making their outstanding coni 
to human welfare, have been 
and influenced in all their dee 
the thinking of engineers. Thi 
tive desire of this profession, t 
the best practical solution in 
difficulties stands out here, in4 
of influences that may be prejo 
nationally restricted points of V 
this there may indeed be a i 
meditation. . 


Significance of the Consultative 
Committee’s Work 
to North America 


r» compr 


1. International TelbcommUH 

vention, Buenos Aires, 1952. 
tariat, International Telecommn* 
Geneva, Switzerland. . H 

2. The International Tbl» 
Union (book), G. A. Codding* Ji 
Leiden, Netherlands, 1952. V; 
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650 DATA PROCESSING SYSTEM BULLETIN 



general INFORMATION, CONSOLE OPERATION, SPECIAL DEVICES 
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,^ 15 bulletin is one of a series of three bulletins on the 650 
n j System. The other bulletin form numbers are: G24-5001 
(,24-5002. These three bulletins obsolete the 650 Manual of 
i*ration. Form 22-6060. In addition, the Special Devices section 
I ,l,i s |)ulletin contains information that obsoletes the 654 
M jiuial of Operation, Form 22-6367. 


General Information 

flic ibm 650 has all the advantages of stored program- 
ming high component reliability, self-checking auto- 
matic operation, compact design, and ease of operation. 
Sccausc of its great flexibility, the ibm 650 serves the 
mils of accounting, engineering, and scientific fields 
rtfuierUly. 

Functional Configuration 

Control of the 650 system is exercised through the 
medium of a stored program. It has, as do most data 
processing systems, an integration of four basic func- 
tional blocks (Figure 1) . We must remember that 
although the hardware of a 650 system can vary, the 
'usic philosophy of these four blocks does not change, 
for example, the 533 Card Read Punch, the 537 Card 
Head Punch, or the 407 Accounting Machine can be 
-vd as a card input machine for this system. 

Input-Output 

fhe input block is used to enter transaction data, in- 
ductions, etc., into the storage block of the system. In 
'he 650 system, the input usually takes the form of 
Jn its capable of reading and translating ibm cards 
■ ni ° 650 language. 

The output block is used to take the results of proces- 
!ln S out of the system, and convert from 650 language 
0 output language. The output devices usually take 
he form of units capable of punching ibm cards, or 
Homing a report on paper. 

Input-output units for the 650 can be combined into 
3r, °us physical configurations to meet the varying 
■eeds of diversified users. Their operation is supervised 
* lhe control block. 



Figure 1. Basic Data Processing System 

The use of magnetic tape as both input and output 
media is discussed in a later 650 Bulletin, Form 
G24-5003. 

Storage 

The storage block of the system is used for storing 
transaction data, instructions, tables, intermediate re- 
sults, final results, historical data, summary files, master 
records, and any other information that can profitably 
be stored within the machine. The physical form that 
the storage takes is determined by the amount and type 
of data to be stored, and the frequency of its use. The 
650 system uses four types of magnetic storage: 

1. drum 

2. core 

3. tape 

4. disk 

Each of these media is characterized by the high 
speed with which records can be read from and written 
into it. 

The movement of data into or out of storage is super- 
vised by the control block. 
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Special Devices 

Alphabetic and Special Character Devices 

I liese devices, available for use with the 533, 537, and 
|if)7 are used to convert the punching (numeric, alpha- 
betic, special character) in any one column of the input 
i aril, into two numeric digits within the 650 System. 
Similarly, the devices convert the two numeric digits 
within the 650 into one character for output. These 
conversions take place as the information is being trans- 
ferred to and from the input-output units and the 
synchronizers. The first six-storage entry and exit words 


can be used, giving a total capacity of 30 characters 
input and output. 

The basic device is the alphabetic device. The Spe- 
cial-Character Device is an addition to the alphabetic 
device and can be installed in either one of two options, 
Group I or Group II. Figure 24 shows all the alpha- 
betic, numerical, and special-character codes as they ap- 
pear in the card and within the 650, after being con- 
verted by the devices. Also shown is the particular de- 
vice that handles each individual character. 
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Character 

Card Code 

650 Code 

Handlec 
by * 

Character 

Card Code 

650 Co 

Blank 



0 0 

A 

M 

11-4 

7 4 

Period 


12-3-8 

1 8 

C 

N 

11-5 

7 5 

Lozenge 

□ 

12-4-8 

1 9 

C 

O 

11-6 

7 6 

Ampersand 

& 

12 

2 0 

B, C 

P 

11-7 

7 7 

Dollar Sign $ 

11-3-8 

2 8 

C 

Q 

11-8 

7 8 

Asterisk 


11-4-8 

2 9 

C 

R 

11-9 

7 9 

Dash 

- 

11 

3 0 

B, C 

S 

0-2 

8 2 

Diagonal 

/ 

0-1 

3 1 

C 

T 

0-3 

8 3 

Comma 

/ 

0-3-8 

3 8 

c 

U 

0-4 

8 4 

Per Cent 

% 

0-4-8 

3 9 

c 

V 

0-5 

8 5 

Pound 

# 

3-8 

4 8 

c 

w 

0-6 

8 6 

At 

@ 

4-8 

4 9 

c 

X 

0-7 

8 7 

A 


12-1 

6 1 

A 

Y 

0-8 

8 8 

B 


12-2 

6 2 

A 

z 

0-9 

8 9 

C 


12-3 

6 3 

A 

0 

0 

9 0 

D 


12-4 

6 4 

A 

1 

1 

9 1 

E 


12-5 

6 5 

A 

2 

2 

9 2 

F 


12-6 

6 6 

A 

3 

3 

9 3 

G 


12-7 

6 7 

A 

4 

4 

9 4 

H 


12-8 

6 8 

A 

5 

5 

9 5 

1 


12-9 

6 9 

A 

6 

6 

9 6 

J 


11-1 

7 1 

A 

7 

7 

9 7 

K 


11-2 

7 2 

A 

8 

8 

9 8 

L 


11-3 

7 3 

A 

9 

9 

9 9 


Handled 

by 


A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


A Alphabetic Device 
® Special Character Device, Group I 
C Special Character Device, Group II 

Fl ?ure 2-4. Alphabet and Special Character Codes 




Figure 7 — Test setup with the SEF-T very-high-frequency radio equipment. The UT-57/1 strip 
mounted on the transfer-equipment frame just back of the teleprinter. 


receiving branch is still sufficient for practically equipment must not be switched 
undisturbed teleprinter operation. In the SEF-7 frequency telegraphy operation 
receiver, this corresponds to a receiving field of the transmitting carrier will 
strength of about 1 microvolt per meter. White sensitivity of the radio receiver 
noise was used as interference in these measure- ference noise present will be 
ments. The noise suppressor built into the radio start the teleprinter. 
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Development of Creed Telegraph Apparatus 

By BRUCE BROOKE-WAVELL 

Creed o’ Company, Limited; Croydon. England 


M OLIERE'S character, M. Jourdain, 
awoke one day to the realization that 
he had been speaking prose all his 
without knowing it. Similarly, telegraph en- 
ija(ers have recently discovered, thanks to 
5jude Shannon and others, that they have 
|gen processing digital information for the last 
liundred years without being aware of that fact, 
fortunately for telegraph manufacturers, many 
gber people have discovered this fact too, even 
f in some cases they have required a little 
prompting. 

The result has been, during the past five years, 
that a •ide range of telegraph apparatus that 
was originally developed for purely conventional 
telegraph applications has been used for quite 
different purposes. The punched-tape technique, 
far example, that was originally introduced to 
ttve line time is now emploved for providing 
kput nd output facilities for digital computers, 
far data recording and processing, and for the 
IBtomatic control of machine tools. 

Back 1948, however, at the beginning of 
the ten-year period being reviewed, telegraph 
engineers were too fully occupied with the 
pressing post-war requirements of conventional 
telegraphy to give much attention to other 
patters. This was certainly true at Creed where, 
during the war, production was for strategic 
reasons concentrated on a small range of tele- 
iraph machines and in particular on the model-7 
Peg* teleprinter, which accounted for over half 
jjf the total number of machines turned out. 

was. therefore, the urgent problem of 
pehing ahead with a variety of new develop- 
*®|ts to meet the needs of both British and 
u ,rerseas telegraph administrations. 

^ Post-War Development 

first such development was for the 
r- k Post Office which started to reorganize 
^public telegraph service. To replace the pre- 
rnodel-J tape teleprinter, which since its 
action in 1929 had been in general use for 


the transmission and reception of telegrams, the 
model-47 tape teleprinter was produced. This 
machine was similar in principle of operation to 
the model 7 page teleprinter but embodied im- 
provements resulting from experience with that 
model and from Post Office experience with the 
earlier tape machine. Perhaps the most impor- 
tant difference between the models 47 and 7 
teleprinters, apart from the obvious one that the 
page unit on the latter machine had been re- 
placed by a tape unit on the former, was that 
the model 47 had a 4-row. typewriter- pattern- 
layout, saw-tooth-comb bar keyboard in place 
of the earlier 3-row motorized keyboard. 

There next followed a series of developments 
concerned with the provision of automatic tape 
transmission facilities for the full utilization of 
line time. This was to meet the increasing in- 
terest being shown in simple tape preparation 
and automatic transmission sets for use both in 
individual installations and in the more-ambi- 
tious manual-transfer push-button semi-auto- 
matic tape relay systems. 

Equipment for automatic tape transmission 
sets had been in production since before the war, 
including a keyboard perforator, a nonprinting 
reperforator, and an automatic tape transmitter, 
but a further range of machines was now intro- 
duced mainly for use in tape relay systems. The 
model-<?5 printing reperforator was developed 
for recording messages on printed chadless tape, 
that is, perforated tape with the chads remaining 
attached and with the printing superimposed on 
them. The printing was provided to eliminate 
the need for operators to read the 5-unit code 
and the chadless method of perforating to retain 
the use of standard-width tape. A variant of this 
machine — the model-<?6 printing reperforator — 
recorded messages on fully perforated wide tape 
with the printing underneath the perforations. 

An essential requirement in tape relay stations 
is the use of ganged automatic tape transmitters. 
To meet this requirement, models 71, 72, and 74 
multiple-tape transmitters were produced. The 
standard single-head transmitter, model 6S, was 
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Figure 1 A special variation of the models reperforator It orovfrie t , 

operanons of equipment such as cash registers .nd'acc^rh^^ 


redesigned, a transmitting mechanism of the 
striker pattern being fitted to it to ensure high- 
quality signals. 

Meanwhile, the increasing use of teleprinters 
> usmess concerns renting circuits from the 
Britisn Post Office, as well as the changing needs 
telegraph administrations, made it necessary 
0 a a .,J :0 the mode, -'~ page teleprinter, which 
was st.ll m great demand, a variety of new 
facilities. 

This machine had been introduced in 1931 as 
a simple, sturdy teleprinter in which the design 
emphasis had been on simplicity of manufacture 


and maintenance rather than on a 1 
of facilities. These characteristics wen 
edly, of great value to the armed servi 
British Defence Teleprinter Networl 
the bulk of the war-time production' 
The changed circumstances after thef 
ever, created new needs. 

The machine was designed ori 
double-current (polar) operation: 
modified to make it equally suitable! 
current (neutral) operation. A new 
was fitted to it having an orientati 
that is, a means for centralizing the i 


I 
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Kr ° ww.wai.uc m me ao- 

fact of a separate margin-testing set. Later, a 
gather alternative cam unit was made available 
w provide lor immediate printing and to in- 
orose the receiver tolerance to over 86 per cent. 
Ultperforating attachment was fitted that could 
k used to prepare perforated tape with a local 
or provide a perforated record of incoming 
Ocssages as required. Two-colour printing, a 
isiod-of-operation counter, improved visibility 
the printing point, better sound-proofing 
giangements, and many other changes were 
fctoduced. transforming the teleprinter into 
«tat superficially appeared to be quite a differ- 
mt machine. As the original simple teleprinter 
ffldtinued to sell to customers wlio did not need 
ikK new facilities, the modified machine was 
linguished as being the new model 54. 

t Netc Applications 

About five years ago, as already mentioned, a 
.nesof entirely new markets with requirements 
fnte unknown to the telegraph art began to 
“par- Digital-computer manufacturers turned 
punched tape as a way of solving their input 
output problems. The development of the 
Wmques of data recording and processing, as 
as of automaton, created a demand for 
er kinds of punched-tape equipment, 
o meet the need ol the computer manufac- 1 
a comprehensive range of tape-editing 
pment ln th ,orm of selfcontained compara ! 
verifier, and reproducer sets were developed. ’ 
rf 6 °‘ Standard te >eprinter equip- t 

ther wTrh' Ch faClilties had been added, = 
tool Dan ^ spec!all y designed relay units and n 

produ A 5CneS ° f interpreter *ts was ’ 

ties. d t0 Pr0Vide computer Print-out n 

'aphspee^wo^ that ' Vh ' le normal teIe ‘ T 

►editino-p d be more -° r - 1 ess adequate for ai 
ired for T‘ Pment ’ much hi S^er speeds were ' m 
puter m he f mput and out P ut devices. The p, 
odofmri aCnJrerS f ° Und a -dsfactory sa 
ic mea a r ng mput tepes b y usin g photo- Fi 

■ot. Cf or r rr ing the holes - Creed « 

er. erefore, develop a high-speed tape ' 

tone vh problem ' however, was a more- T1 
that was approached initially by in- ve 


ib- traducing the modeI-7P/5IF reperforator. This 
, a was derived by modifying a keyboard perforator 
le to reperforate from a 5-wire input. It operated at 
- characters per second, thereby permitting re- 

ld n 0 ^ h! S atS ‘‘ ghtly over 1™“* the speed formerly 
Id possible with standard teleprinter equipment. 

Z Tbe " ext step 'vas the introduction of a tape 
g punch that was specifically designed for output 

, jstt 1“ 

* or 7 tracic tapes — either in single 

-e 33 ch ^ T tW ° taPeS 3t a time ~ at a *Peed of 
e characters per second, which is 5 times the 

.0 normal teleprinter speed. The model-35 reper 
t orT 13 3t pres y t the standard output punch 
, the ™ a l or 'ty of British electronic digital com- 
d puters. Over 1000 of them have been prodXl 

S ? ri ate |, f0r thlS and 0ther applicati ons, which in- 
c ude the automatic logging of telephone calls on 
punched tape and the provision of a punched- 
tape record of the automatic routine operations 

i cih T g r f modern busin «s equipment such as 
cash registers and accounting machines. Figure 1 

^ Sh °y the mec hanism of one of these models 
The speed of the model-35 reperforator is still 
; not high enough, however, to make it a com- 
pletely adequate computer output recorder 
Two further machines have, therefore, been de- 
veloped for this purpose. The first, the model- 
3000 reperforator, is the world’s fastest output 
punch operating at a speed of 300 characters per 
second. It may be seen in Figure 2. The other is 
a hydraulically operated character-by-character 
printer with a speed of 100 characters per second. 
This operates from a a-wire input, the characters 
being built up on the mosaic principle with a 
by a gnd. As it has 3 times the speed of the 
model-30 reperforator, it is advantageous to use 
It as a direct-output printer. Alternatively it 
may be used in conjunction with the model-3000 
reperforator if a higher output speed is required. 
The speeds obtainable with these machines are 
adequate for most purposes. Since they are 
much-less expensive than the higher-speed line 
printers on the market, they will undoubtedly 
satisfy an important need in the computer field, 
r igure 3 is an example of the use of teleprinter 
equipment adapted to computer requirements 
A range of machines is also under development 
m the data processing and automation fields. 

I hese are, in most cases but not all, modified 
versions of standard teleprinter equipment and 
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Wj r%-*l Sbeed Operation. For economic reasons, 
be a 5tron S demand for automatic 
!P* transmission sets. An improvement on 
t practice could be made if a dual-speed 
Sinter with a manual speed-change control 
JTused that could prepare tape “off line” at 
^77^ jpged and provide message transmission 
fjgtjgs “on line” at the normal telegraph speed. 

' m jfgjern Appearance and Small Size. If tele- 
Mteis were to become standard office furniture, 
Reappearance and size would play a more- 
t-jrtant role than in the past. 

-These requirements were seen ,to hold also for 
data-processing field, but there were addi- 
jbaal requirements. It was apparent that an 
boosing demand would exist for communica- 
ibo channels between business offices and 
Ibtrally placed computers serving them. Many 
£ these business offices would not want full- 

m- ■ 


time channels but would prefer channels that 
could be used partly for transmitting data and 
partly for normal communication traffic. There 
would, therefore, be an advantage in using dual- 
purpose terminal equipment that would be 
suitable for the transmission and reception of 
messages and also for the local processing of 
data. As these two kinds of use ideally require 
sequential and simultaneous (5-wire) modes of 
signalling respectively, a satisfactory dual-pur- 
pose machine would have to be readily convert- 
ible from one mode of signalling to the other. 

All these requirements have been met in the 
design of the model-Seventy-five teleprinter, 
which needs less-frequent maintenance than pre- 
vious Creed teleprinters, operates at both 66 and 

Figure 3 — Application of teleprinter equipment to re- 
cord output data from an electronic digital computer in 
punched-tape and printed-page form. 






